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EXECUTIVE SUMMARY

This techmcal memorandum addresses the development and screening of technologies and
process options and presents alternatives for the remediation of surface and subsurface soils
groundwater and contaminant sources assoctated with Operable Umt 2 (OU2) at the Rocky Flats
Environmental Technology Site (RFETS) To address contaminated media OU2 has been
segregated nto five remediation areas consisting of the following (1) source areas for surface
soil contamination (2) source areas for subsurface soil contammation (3) residual areas for
surface soi1l contamination (4) residual areas for subsurface soil contamination and (5)
contaminated groundwater

Corrective/remedial action objectives (C/RAOs) which integrate requirements of both
the Resource Conservation Recovery Act (RCRA) and Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) have been established for OU2 Based on these
C/RAOs general response actions were developed that address the various contaminated OU2
media Remediation targets were established in Technical Memorandum No 1 for OU2 (DOE
1995a) based on chemical specific applicable or relevant and appropriate requirements (ARARs)
and calculated risk based concentrations A comparison of the maximum detected concentrations
of chemicals of concern (COCs) against selected remediation targets was conducted Plutonium
239+240 (Pu 239+240) was 1dentified as the COC which exceeded remediation targets for both
source and residual surface soil remediation areas Tetrachloroethene (PCE) was 1dentified as
exceeding the selected remediation target for both source and residual remediation areas for
subsurface soll Additional characterization efforts are in progress to address other COCs 1n
source areas for subsurface soils within QU2 These efforts will be incorporated into an
engineering evaluation/cost analysis (EE/CA) which 1s being prepared under separate cover
Groundwater COCs which exceed the selected remediation targets include carbon tetrachloride
chioroform 1 1 dichloroethene methylene chloride PCE trichloroethene wvinyl chloride
americlum 241 (Am 241) and Pu 2394240

Remedial technologies were screened using a two phase process The mmtial phase
screened technologies from the Comprehensive List of Technologies (CLT) (EG&G 1994) for
technical implementabiiity based on QU2 site specific characterisics The second phase
consisted of an evaluation of effectiveness institutional implementability and relative cost The
screening process removed technologies from further consideration that could not be
immplemented because of site specific factors thereby reducing the number of remedial
technologies and process options for consideration 1n the development of remedial alternatives
Representative process options were then selected from the screened list of technologies

Remedial alternatives were developed for each of the five remediation areas of OU2 and
are summarized 1n the alternatives matrix presented in Table 1 1 A general description of the
remedial alternatives 1s provided in Section 5 0  All alternatives will be evaluated 1n further
detail 1n the detailed analysis of alternatives (DAA) section of the OU2 corrective measures
study/feasibility study (CMS/FS)
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10 INTRODUCTION

Various areas of the Rocky Flats Environmental Technology Site (RFETS) are being
remediated 1n accordance with provisions of the 1991 Interagency Agreement (IAG) between the
U S Department of Energy (DOE) the U S Environmental Protection Agency (EPA) and the
State of Colorado (State) IAG 1991) The IAG integrates closure and corrective action
provisions of the Resource Conservation and Recovery Act (RCRA) and the Colorado Hazardous
Waste Act (CHWA) with the hazardous substance response requirements contained in the
Comprehensive Environmental Response Compensation and Liability Act (CERCLA) to ensure
protection of human health and the environment

The various areas to be remediated called individual hazardous substance sites (IHSSs) are
grouped 1nto 16 operable unmits (OUs) As outlined 1n Section IX B of the IAG statement of
work remedial alternatives for the corrective measures study/feasibility study (CMS/FS) for
each OU are to be developed and screened This technical memorandum addresses the
development and screening of technologies and process options and presents alternatives for the
remediation of surface soils subsurface soils and groundwater associated with Operable Umit
2 (0U2)

This technical memorandum 1s intended to fuilfill requirements specified in the IAG
statement of work Sections IX A 2 to IX A 5 for OU2 These IAG requirements include

* Developing general response actions (GRAs) (see Section 4 0)

. Identifying areas and volumes of contaminated media (see Section 2 0)

° Identifying and screening corrective/remedial technologies (see Section 4 0) and
. Assembling the potential technologies into alternatives (see Section 5 0)

This technical memorandum contains seven sections including this introduction plus two
appendices Section 2 0 of this document briefly describes site characterization information for
OU2 that has been obtamned through the RCRA facility investigation/remedial investigation
(RFI/RI) In addition Section 2 0 provides the location and volumes of contaminated media 1n
each remediation area  Section 3 0 contamns the corrective and remedial action objectives
(C/RAOs) Section 4 O presents the GRAs and results of the mmtial screeming process for
potential remedial technologies and process options Section 5 O presents the grouping of
remedial technologies 1nto remedial alternatives for each of the remediation areas Section 6 0
identifies potential location and action specific applicable or relevant and appropriate
requirements (ARARSs) for each remedial alternative Figures and tables are provided 1n Section
7
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20 SITE CHARACTERISTICS

OU2 1s one of 16 OUs at the RFETS and as shown in Figure 2 1 1s located on the
southeastern side of the RFETS industrial area OU2 contains 22 IHSSs that have been
organized nto five remediation areas based on contaminated media and type of contamination
(1 e source vs residual) These five remediation areas include source areas for surface soil
contamnation source areas for subsurface soil contamination (potential or current) residual
areas for surface soil contamination residual areas for subsurface soil contamination and upper
hydrostratigraphic umit (UHSU) groundwater contamination The locations of the individual
IHSSs are shown on Figure 2 2 A matrix 1dentifying the individual IHSSs 1n relation to the
five remediation areas 1s presented in Table 2 1

This section provides a brief description of the site geology (Section 2 1) the nature and
extent of contamination (Section 2 2) and the fate and transport mechanisms for the chemicals
of concern (COCs) (Section2 3) The information provided in this section 1s a summary of the
site characterization results presented 1n the preliminary draft OU2 RFI/RI report (DOE 1993)
Technical Memorandum No 9 for OU2 (DOE 1994b) and Techmical Memorandum No 1 for
OU2 (DOE 1995a)

21  Site Geology and Hydrogeology
A brief summary of OU2 surficial and bedrock geology 1s presented below
2 11 Surfical Geology

Surficial geologic units within OU2 consist of alluvial hillslope and man made deposits
Alluvial deposits include the Pleistocene aged Rocky Flats Alluvium younger terrace alluvia
and various Holocene aged valley fill alluvia Hillslope deposits consist of Holocene aged
colluvium and landshide slumps Man made deposits are artificial fills debris dumps and areas
of disturbed surficial soll A brief summary of the surficial deposits 1s presented below

Rocky Flats Alluvium The Rocky Flats Alluvium 1s the topographically highest and oldest
alluvial deposit at RFETS The Rocky Flats Alluvium within OU2 caps the pediment surface
between South Walnut and Woman Creeks The pediment 1s completely truncated to the north
east and south by these modern drainages The Rocky Flats Alluvium within the QU2 area
consists predominantly of beds and lenses of poorly to moderately sorted gravels and sands A
few lenses of clay and silt also occur

Hillside Deposits Hillside deposits within the OU2 area include several alluvial terrace
deposits valley fill alluvium colluvium and landshide slumps Slump features belong to two
categories 1) areas along the hillsides which exhibit evidence of mass movement of surficial
so1l and possibly bedrock matenals along relatively distinct ruptures or ghde surfaces and 2)
areas of hummocky topography reflecting downslope creep of surficial soils but no observable
rupture surface
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Man Made Deposits Man made deposits within the OU2 area have been identified using
information from historical reports air photography and geologic field mapping Three general
categories of man made deposits have been 1dentified soil and debris dumps disturbed ground
and artificial fill

2 12 Bedrock Geology

Bedrock geologic units within the OU2 area consist of claystones siltstones and
sandstones The No 1 Sandstone 1s considered the basal part of the Arapahoe Formation All
lower bedrock units are considered to be a part of the upper Laramie Formation (DOE 1993)

Arapahoe Formation No 1 Sandstone Subsurface investigations have shown that the
Arapahoe Formation No 1 Sandstone (No 1 Sandstone) 1s a distinct bedrock umt separate 1n
geologic characteristics from the underlying Laramie Formation Most of the No 1 Sandstones
are predominantly fine to medium grained and represent deposition in low to moderate flow
regumes The No 1 Sandstone 1s the stratigraphically highest sandstone encountered within the
OU2 area It 1s stratigraphically located from O to 20 feet below the overlying surficial deposits

The sandstone directly underhes the Rocky Flats Alluvium along a medial paleoscour beneath
OU2 Pror to deposition of the Rocky Flats Alluvium erosion of the claystone/siltsone material
in this area created the paleoscour The resulting subcrop area beneath the Rocky Flats
Alluvium 1s an mmportant feature in that 1t allows vertical groundwater flow to the No 1
Sandstone from the overlying alluvial units

Laramie Formation The Laramie Formation is a fresh to brackish water non marine deposit
Lithologic logging of the upper Laramie Formation suggests that in this area it 1s largely
composed of claystone with lenses of fine grained sandstone The most common upper Laramie
Formation lithologies encountered in boreholes within the OU2 area are claystones and silty
claystones The upper Laramie Formation sandstone or siltstone interbeds are approximately
10 feet thick except where interbeds are stacked on top of each other Where sandstone
interbeds are stacked a thicker sandstone sequence results The sandstone interbeds are
commonly separated by thin siltstone or claystone layers

22 Nature and Extent of Contammation

The remediation targets selected for OU2 were compared against the maximum detected
concentrations of each COC to 1dentify those contaminants that warrant further consideration in
the CMS/FS process If the maximum concentration was less than the respective remediation
target the COC was eliminated from further consideration For the purposes of identifying and
evaluating potential remedial technologies only those COCs with concentrations 1n excess of the
OU2 remediation target levels were retained in the CMS/FS process The results of this
comparison for surface soils subsurface soils and groundwater are provided in Tables 2 2 2 3
and 2 4 respectively The comparison of maximum concentrations of each COC against the
selected remediation targets provides a more restrictive basis for assessing nature and extent of
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contamination and development of remedial alternatives than the use of average concentrations
therefore the volume estimates could represent an over estimation of actual contaminant
volumes

Several of the IHSS located in OU2 do not contain COCs 1n concentrations exceeding the
remediation targets developed 1n Technical Memorandum No 1 These IHSSs include the East
Spray Fields (IHSS 216 2 3) Gas Detoxification Site (IHSS 183) Oil Burn Pit Site No 2 (IHSS
153) Pallet Burn Site (IHSS 154) and Reactive Metal Destruction Site (IHSS 140) Since these
THSSs do not require remedial actions based on the remediation targets they will not be
addressed further in this document

For purposes of 1dentifying and evaluating potential remedial technologies the extent of
contamination for each IHSS was compared against the selected remediation targets to identify
those IHSSs which warranted further consideration in the CMS/FS process The results of this
comparison are presented in Table 2 S Further discussion concerning the nature and extent of
contamination by remediation area 1s provided in the following paragraphs

221 Source Areas for Surface Soil Contamination

Source areas for OU2 surface soils have been defined as localized areas of elevated
contaminant concentrations that have historically acted as sources of contamination This
consists of the former drum storage site (903 Pad) and the 903 Pad Lip

903 Pad

The 903 Pad was a graded earthen area located at the southeast corner of the industrial
area and was used for storage of waste drums between 1958 and 1967 The drums contamned
machine o1l (primarily lathe coolant consisting of straight chain hydrocarbons with carbon
tetrachloride) hydraulic oils vacuum pump oils trichloroethylene (TCE) perchloroethylene
(PCE) silicone oils and acetone still bottoms contaminated with either plutomum (Pu) or
depleted uranium Contaminated o1l reportedly leaked from approximately 420 drums located
on the 903 Pad This resulted 1n the release of an estimated 18 000 liters (5 000 gallons) of
liquid and 86 grams (Seed et al 1971) to 126 grams (Krey and Hardy 1970) of Pu 2394240
to the soi1l environment

In 1960 a radiological survey at the 903 Pad indicated that the pad area and the
surrounding (lateral) 10 feet of surficial soils were contaminated with Pu 2394240 and depleted
uranum By 1964 evidence of large scale deterioration of drums was reported and fill dirt was
placed on highly contaminated areas on the 903 Pad Surveys performed in the Lip Area 1n
1967 revealed spreading of contamination dispersion (surface transport) was attributed to a
heavy rain event Soil and rocks (east and downgradient of the storage area) contaminated by
rainwater runoff from the fenced area were hand excavated and deposited inside the 903 Pad
fence (DOE 1992)
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Drum removal activities from the 903 Pad began in 1968 Following drum removal
radiological monitoring detected elevated levels of contamination in the surrounding areas
Contaminant dispersion was attributed to high velocity winds Radiation monitoring and
mapping of the 903 Pad area documented radiological contamination to a depth of 20 3
centimeters (cm) (8 inches)

Fill matenal for leveling was applied to the 903 Pad 1n 1969 Additionally overlay
material soil sterilant and an asphalt cover were placed over the 903 Pad (DOE 1992) In
1970 6 inches of coarse road base was applied to the Lip Area

During monitoring of the 903 Pad 1n 1971 four hot spots were 1dentified based on
radiological surveys This led to the removal of 31 kilograms (kg) of depleted uramum and up
to 10 3 milligrams (mg) of Pu from beneath the asphalt cover During sampling activities
associated with this removal action an o1l layer contaminated with depleted uranum was
discovered at two separate boreholes at depths of 45 7 and 76 2 cm (18 inches and 30 inches)
respectively at the holes where the 31 kg of depleted uranium were extracted A clay layer was
noted beneath the contaminated zone At that time no contamination was found below the clay
layer and 1t was believed that the layer served as a natural barrier to downward migration of
contaminants However the draft OU2 RFI/RI identified radiological contamination at
decreasing concentrations from O 6 to 6 meters (2 to 20 ft) Volatile orgamic compound (VOC)
contamination was found at depths to 7 3 meters (24 ft)

903 Lip Area

Prior to the addition of an asphalt cap contamination present at the 903 Pad was
transported by winds and surface water runoff (immediately following drum removal activities)
and were deposited on soils 1n an east and southeast trending plume (Krey and Hardy 1970
Seed et al 1971) The analysis of spatial distribution 1dentifies a west to east wind transport
mechanism being the dominant dispersal mechamism of Pu 2394240

Contaminated soil 1n this Lip Area 1dentified 1n the past though Fidler (non intrusive
survey equipment) monitoring and laboratory analysis has been excavated In 1973 an aenal
radiological survey detected radioactive concentrations 1n the Lip Area that were greater than
2 000 counts per mmute (cpm) In 1975 eight 55 gallon drums of so1l were removed from the
contaminated Lip Area as a pilot test for excavation techniques Ambient air monitoring during
excavation did not detect Pu 1n concentrations that would endanger onsite workers the public
or the environment In 1976 approximately 113 3 cubic meters (m®) (4 000 cubic feet) of soil
were removed from the within the Lip Area Soil removal activities were conducted again 1n
1978 covering an estimated 3 995 m? (43 000 ft?) at a depth of approximately 3 5 cm (9 inches)
for soil that exceeded 2 000 cpm This targeted area is believed to have been the topical
depression southeast of the 903 Pad After each removal action the excavated area was covered
with clean fill and revegetated Historical aenal photographs verify this conclusion
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Although several removal actions have been conducted 1n the 903 Lip Area recent
sampling has detected the presence of Pu 239+240 The vertical profile of actimides 1n the fill
region follows a umque profile with depth In general the highest acuvity 1s found in the top
3 cm (1 2 1inches) followed by a sigmificant decrease between 6 and 9 cm (2 4 and 3 4 inches)
then by an increase 1n actinide activity beneath the fill level The increase of actimde activity
in the top 3 cm (1 2 inches) of fill material cannot be explained by previous wind dispersion

Soil sampling conducted during the RFI/RI indicated levels of Pu 2394240 1n the Lip
Area above the 1 800 picoCuries per gram (pCr/g) remediation target The extent of
contamination was denoted by generating OU2 1sopleth maps of Pu 239+240 based on RFI/RI
analytical results for the COCs (See Figures 2 3 and 2 4) Durning the Lip Area removal
activities 1 1976 and 1978 an additional 20 cm of fill were added The areal extent of current
Lip Area contamination 1s approximately 10 000 m? (107 600 ft?) in size Assumung a depth of
40 cm (including the 20 cm of fill material that were added to the previously excavated Lip
Area) the volume of contaminated media that exceeds the remediation target 1s estimated to be
4000 m® (141 200 ft°) of so1l

No other COCs have been detected at concentrations greater than the OU2 remediation
target

2 2 2 Residual Surface So1l Contamination

Residual surface so1l contamination 1s defined as contamination present in the upper 5 cm
(2 inches) of mmpacted soil primarily to the east and southeast of the 903 Lip Area This
consists of most of the buffer zone east of the 903 Pad and Lip Area Those OU1 surface souls
contiguous to OU2 which are contamimnated with low levels of plutonum are being
admimstratively addressed under OU2 This 1s because this area of OU1 surface soil 1s believed
to have been contaminated by the 903 Pad Area

Contamination 1n the surface soil residual area 1s attributed primanly to wind dispersion
from the 903 Pad source area A small amount of Pu contamination originated from the stack
effluent of the production facilities The spatial distribution of Pu 239+240 where this region
1s adjacent to the source area 1s displayed in Figure 2 5 The data 1n this table indicate a large
vanability 1n Pu 2394240 activity near the source area between samples taken by Colorado
Department of Public Health and Environment (CDPHE) sampling protocols and those which
were taken by Rocky Flats sampling techmques

Plutonium 239 +240 was detected 1n QU2 residual surface soils in concentrations greater
than the OU2 remediation target level Two sample locations associated with two 2 5 acre plots
outside of the Lip Area detected Pu 2394240 activity greater than 1800 pCy/g outside of the
903 Pad Lip Site  In one of these plots two field duplicates were taken using the Rocky Flats
sampler One sample exhibited 380 pC1/g and the other showed 11 000 pCi/g This variability
probably occurred due to wind erosion some solubility and leachability and the hot particle
phenomenon As defined by Winsor and Whicker (1979) a hot particle has an activity above
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450 pCy/g and 1t 1s usually an agglomeration of numerous host soil grains and PuO, Studies
conducted at Rocky Flats indicated a significant variation 1n the sizes and spatial distributions
of the Pu particles 1n the so1l Pu oxides are insoluble under OU2 soil conditions and are
subject to heterogeneous dispersion Therefore a large variability in a short sampling interval
1s not surprising Additionally the soil sampling techmiques at Rocky Flats collect large
quantities (up to 5 kg) of which only a small fraction 1s processed and analyzed This could
explain the vanation in actinide activities shown 1n Figure 2 5

Other possible causes of the large variability in actinide activity across the remediation
area 1s prior vehicle and construction disturbance and past cleanup practices A 1994 air
photograph taken by the Radiological Assessment Group showed that large vehicular and/or
construction disturbances occurred in at least one sampling plot Based on the required sampling
protocol requiring 5 to 10 subsamples in the middle of the plot samples could have been taken
in a highly disturbed location which is unrepresentative of the original loading

Extensive excavation in 1976 and 1978 1n the first plot to the southeast of the 903 Pad
could also have affected the distribution of actimide activity Since Pu activities prior to the
cleanup exceeded 10 000 pCi/g wind and runoff during cleanup probably spread the original
contamination to the southeast This would explain the high readings (up to 5 700 pCv/g) 1n this
area

Based on current measurements the volume of contaminated media that exceeds the
remedsation target 1s estimated to be 1 070 m® (1 400 yd®) assuming a 2 hectare (5 acre) plot
ata 5 cm (2 inches) depth However the large vanability in measured Pu 239+240 activity just
east southeast of the 903 Pad has implications in delineating potential cleanup areas It is
probable that expanded sampling and analysis of Pu 239+240 activity 1n this region could result
in a larger area of concern perhaps by as much as 20 2 hectares (50 acres) This would
increase the remediation volume by 10 700 m® (14 000 yd® ) Further study should be conducted
to determine the actual extent of Pu 239+240 activity 1n this region

In regard to vertical distribution of actimde activity 1n this surface soil source region near
the 903 Pad more than 90 percent (and over 95 percent of detected activity outside of the Lip
Area) of the Pu 239+240 1s confined to the upper 12 cm (5 inches) of the soil regardless of the
soll series or distance and direction from the 903 Pad (Litaor et al 1994) The vertical profile
depends on the mitial loading of Pu 239+240 on the so1l surface the higher the imtial loading
the greater the potential for translocation of actinides with depth Also the actimdes are most
closely associated with soil organic matter Sequential extraction experiments showed that 45
to 65 percent of the Pu 2394240 1s associated with organic matter 20 to 40 percent 1s bound
to sesquioxides and 10 to 15 percent probably resides as PuO, particles loosely associated with
primary minerals (Litaor et al unpublished data)
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2 2 3 Source Areas for Subsurface Soil Contamination

Source areas for OU2 subsurface so1l contamination have been defined as IHSSs which
were used as storage or disposal sites for low level hazardous or mixed wastes These areas
may or may not currently contain waste material (e g spent solvents cutting o1ls and drums)
Additional field characterization efforts have been imitiated to better quantify the nature and
extent of contamination at these source areas This characterization and discussions on the
nature and extent of contamination will be included 1n the engineering evaluation/cost analysis
(EE/CA) Subsurface soil source areas for OU2 include the Mound Site and Trenches T 1
through T 13 These removal actions are expected to be remedial 1n nature

Based on information 1n the draft RFI/RI report for OU2 contaminant concentrations for
the soils beneath the 903 Pad currently do not exceed the remediation targets Because there is
a groundwater contaminant plume beneath the 903 Pad 1t 1s assumed that the 903 Pad was and
may currently be a source of contaminants to the groundwater (the remediation targets for
groundwater are much lower than the targets for subsurface soils)

The Mound Site was used to dispose of drums contaiming depleted uranmum and
beryllum contaminated lathe coolant Some drums containing PCE were also placed 1n the
Mound Site In the past waste materials were removed from the Mound Sites and were either
shipped offsite for disposal or sent to Building 774 for treatment

The trenches (T 1 through T 13) were used primarily for the disposal of sanitary sewage
sludge contaminated with uranium and plutonium and flattened empty drums contaminated with
uranum (DOE 1992) Plutonmum and uramum contaminated asphalt planking from the solar
evaporation ponds may have been placed 1n trenches T-4 T 11 and/or other trenches It is also
suspected that some solvent bearing wastes were placed in some of the trenches however 1t 1s
not known which of the trenches received the wastes Records indicate that approximately 125
drums containing depleted uramum chips and small amounts of lathe coolant were buried 1n
Trench T 1 Ths trench 1s believed to have also received drums contaimng metal turnings still
bottoms cemented cyanide waste and copper alloy Trench T 9 1s reported to contain scrap
metal from production operations

The trenches are currently being characterized as part of an effort to delineate the extent
of contamination in the Northeast Trench area The only COC which was detected 1n the
subsurface soil source area at concentrations exceeding the OU2 remediation target level was
PCE However 1t 1s recogmzed that only limited characterization data are available for the
burial trenches For the purposes of identifying potential remedial technologies and alternatives
technologies that could be utilized to remediate a wide range of contaminants and debris were
evaluated
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2 2 4 Residual Subsurface Soil Contamination

Residual subsurface soil contamination 1s defined as contamination remaimng 1n
subsurface soils after completion of subsurface source removal actions The subsurface soils
consist of all OU2 soils deeper than approximately 5 cm (2 inches) (EPA 1992a)

Characterization efforts conducted in support of the RFI/RI for OU2 1dentified PCE as
the only COC occurring at concentrations greater than the OU2 remediation target level
Concentrations of PCE exceed the remediation target of 2 210 mg/kg at two borehole locations
(10191 and 24793) Both borehole locations lie 1n or near Trench T 3 at the Northeast Trench
Area and may be addressed 1n any remedial actions taken at the Subsurface Soil Source Area
It 1s suspected that waste materals and liquid solvent waste stored 1n Trench T 3 may have been
encountered during the dnilling of the boreholes No other boreholes exceeded the remediation
target

The extent of contamination that exceeds the remediation targets could significantly
increase 1f modeling demonstrates that lower levels of PCE 1n the subsurface soils are not
protective of groundwater In this case the remediation target level could potentially be
lowered Such a groundwater protection based remediation target will be developed in the
detailed analysis of alternatives

2 2 5§ Upper Hydrostratigraphic Umt (UHSU) Groundwater Contamination

The nature and extent of groundwater contamination 1s addressed first by describing the
conceptual hydrogeologic model of the site followed by a discussion of the nature and extent
of contamination observed during the RFI/RI

2251 UHSU Conceptual Model

Within OU2 the UHSU 1s comprised of vanably and seasonally saturated parts of the
unconsolidated surficial deposits the No 1 Sandstone that 1s 1n hydraulic connection with the
saturated surficial materials and weathered claystones of the Arapahoe and/or Laramie
Formations Laramie Formation sandstones that subcrop beneath the No 1 Sandstone or
saturated surficial soils also are considered part of the UHSU The unconsohidated surficial
deposits consist of the Rocky Flats Alluvium colluvium valley fill alluvium and disturbed
ground Groundwater 1s present in the UHSU under unconfined conditions except where parts
of the No 1 Sandstone are overlain by claystone which results in both confined and unconfined
conditions within the sandstone Figure 2 6 presents a schematic cross section of the site
hydrostratigraphy

The UHSU 1s located over the relatively flat divide of South Walnut Creek and Woman
Creek and 1s truncated to the north east and south along these drainages The thickness and
geometry of the UHSU geologic units are controlled by bedrock paleotopography specifically
the north and south paleoridges that generally trend east northeast the medial paleoscour that
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lies between the two paleoridges other bedrock paleotopographic lows and steps that exist on
the weathered bedrock paleotopographic surface and depositional channels of the sandstones
included in the UHSU A bedrock paleotopographic map is provided in Figure 2 7

Groundwater flow within the UHSU 1s complex because of variations in groundwater
flow directions 1nteractions between geologic units and variations in degree of saturation and
saturated thickness Groundwater flow within the UHSU 1s strongly influenced by the bedrock
paleotopography and the geometry and hydraulic characteristics of the unconsolidated deposits
comprising the UHSU  Groundwater within the UHSU generally 1s found within the area
described as the medial paleoscour (Figure 2 7) and generally flows towards the northeast In
the area of Trench 2 immedtately south of the drum storage site groundwater locally flows to
the south during high water table conditions

The areal extent and saturated thickness of the UHSU within the medial paleoscour vary
seasonally The north and south paleoridges restrict groundwater outflow from the alluvium to
the north and south The medial paleoscour is erosionally truncated along the north facing
hillsiope of South Walnut Creek UHSU groundwater discharges from the No 1 Sandstone as
seeps from this area

Groundwater recharge to the UHSU within OU2 occurs as direct infiltration of
precipitation and by lateral and downward seepage from surface water features such as ditches
Recharge to the No 1 Sandstone probably occurs from infiltration of precipitation and surface
water through the overlying unsaturated surficial deposits vertical groundwater flow from the
overlying saturated surficial deposits and inflow from the saturated sandstone units upgradient
(west) of OU2

2252 UHSU Contamination

Contamination 1in the UHSU groundwater exists throughout OU2 Source areas for
UHSU groundwater contamination are not clearly defined but may originate from one or more
waste disposal or storage sites as defined in the RFI/RI  For purposes of the CMS/FS
groundwater contamination 1s considered to be non IHSS specific Since the source of surface
water contaminants (seeps) 1s believed to be groundwater the seeps are being addressed as part
of the groundwater remediation effort With umplementation of appropriate groundwater
controls the seeps can be remediated Therefore separate surface water contaminants and
potential exposure pathways are not being considered as part of this techmical memorandum

Results of the Phase II RFI/RI investigation have indicated that the contamination 1s
confined to the UHSU Characterization efforts conducted in support of the RFI/RI indicate the
presence of organics and radionuclides in sufficient quantities to be deemed as COCs within the
UHSU of the 903 Pad Area the Mound Area and East Trenches Area Contaminants detected
include 1 1 dichloroethene carbon tetrachloride (CClL) chloroform methylene chloride PCE
TCE vinyl chlonnde americium (Am) 241 and Pu 239+240 All of the COCs exceed their
respective remediation target
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Groundwater sampling has shown several plumes of VOC contamination in the Rocky
Flats Alluvium and the No 1 Sandstone ornginating at the 903 Pad the Mound Area and the
Northeast Trenches Area Once 1n the sandstone the contaminated groundwater flows from the
903 Pad to the Mound Area and finally to the Northeast Trenches Areas As groundwater
passes beneath each of these sources contaminant concentrations increase (DOE 1995b)

The potential for the occurrence of dense nonaqueous phase liquids (DNAPLSs)
groundwater appears to be greatest for CCl;, PCE and TCE based on the observation of
groundwater concentrations that exceed 1 percent of the chemical solubility Potential DNAPLs
in groundwater could exist beneath the 903 Pad (CCl, PCE and TCE) 1n the vicimty of Trench
T 2 (PCE and TCE) north and northeast of the mound site (PCE) and northeast of Trench T 3
and north of Trench T-4 in the Northeast Trenches (TCE) Direct evidence of DNAPLs 1n
groundwater was not observed during the Phase II RFI/RI programs (DOE 1993)

Pu 2394240 was observed in filtered and unfiltered UHSU groundwater samples
collected from wells east and southeast of the 903 Pad Radionuclide contamination could be
associated with high concentrations of VOCs observed in the UHSU i1n the 903 Pad Source Area
(DOE 1995b)

The extent of groundwater contamination was estimated using analytical results from the
second quarter 1992 sampling event For each of the seven orgamic COCs the RFI/RI report
provides an 1soconcentration map for both the alluvial/colluvial and the No 1 Sandstone umits
In general the unit specific 1soconcentration maps for each of the COCs are consistent with each
other which may be an indication that their sources and transport mechamisms are similar

To provide an overall estimation of the contaminant volume for groundwater the areas
exceeding the remediation targets for each individual COC were superimposed to establish a
single plume map that encompassed all of the contaminated areas Contaminant data from both
the alluvial/colluvial and No 1 Sandstone umits were combined 1n the event that the selected
remedy 1s not able to 1solate the contaminants between the two umts The combination of the
two geologic umits also provides a larger estimate of the contaminant volumes

After the combined plume map was generated 1t was combined with the alluvial/colluvial
saturated thickness map for the second quarter 1992 sampling event The second quarter of
1992 was chosen as the baseline for the volume estimate since this time period represents the
greatest known saturated thickness of the hydrogeologic units Since the contaminant plume
extends beyond the zone that 1s saturated year round some contaminants may be trapped 1n the
vadose zone as the groundwater recedes

Based on the distribution of groundwater contamination within the UHSU and the
UHSU s maximum saturated thickness the quantity of contaminated groundwater was estumated
1n the Phase II RFI/RI report to be about 27 million gallons during wet periods This estimate
was calculated using an average total porosity of 0 361 The total porosity 1s based on data
collected from the Rocky Flats Alluvium in OU4 (The paper by Fedors and Warner 1993
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contains Rocky Flats Alluvium porosity and hydraulic conductivity data from only one pont
#1 Qrf 1 OU2 The porosity at this location 1s 0 506 and 1s from a very fine grained clayey
Rocky Flats Alluvium This location 1s on the distal end of the OU2 pediment and porosity
values from this area are considered less representative of the 903 Pad area than OU4 data This
paper does not address the Arapahoe Formation No 1 Sandstone )

No measured values of effective porosity of the Rocky Flats Alluvium are known The
volume of contaminated groundwater present in the UHSU varies seasonally because of the
fluctuating water levels The estimated volume of contaminated groundwater during a drier
period (first quarter of 1992) 1s about 9 million gallons

23 Contaminant Fate and Transport

Contaminant migration pathways including intermedia (transport between two separately
defined media) and intramedia (transport within an individual medium) for source surface soil
residual surface soil source subsurface soil residual subsurface so1l and groundwater areas are
presented below

2 31 Source Areas for Surface Soil Contammnation
2311 Intermedia Pathways

The intermedia pathway of surface soil contaminant migration from the 903 Lip Area 1s
the transport of Pu 239+240 from the top 40 cm (16 inches) of soil within IHSS 155 to deeper
sotls Transport mechamisms from surface soil to subsurface soils appear to be limited

Colloid facilitated transport of radionuclides may be associated with rain or snowmelt
Data for samples of infiltrating water strongly suggest a short residence time of 2 to 4 hours for
freely flowing water in the soil system This short residence time inhibits a continuous
interaction between the soil and the flowing water which helps explain the uniformity in
alkalimity specific conductance and pH across the study site and between sampling depths A
so1l water monitoring system (SWMS) was installed to gather real time data on freely flowing
soil nterstitial waters water content matric potential soil temperature and precipitation
Measurements of soil moisture matric potential precipitation and volume of collected freely
flowing waters suggest that preferential flow might occur under both unsaturated and saturated
conditions

However during the summer of 1993 an evaluation of water and actimde movement was
conducted by studying natural and simulated rain events The actimde activities in water
samples from depths of 55 to 80 cm did not exceed 10 pCy/1 even after a ramn simulation of a
100 year event This restriction 1n actimde movement may occur due to a strong affimity
between organic soil components and plutonium oxides Additional rain simulations were run
1n the summer of 1994 to assess the potential for actimdes to be transported downhill by runoff
Three sequential rain simulations of 100 year flooding events were conducted In these runs
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most of the actinides were relatively immobile (Figure 2 8) However when the soil moisture
regime was changed from aridic to aquatic significant amounts of Pu 239+240 and Am 241
were transported to groundwater 1n at least one occurrence This supports the previous detection
of Plutonium 1n groundwater from a well 1nstalled in the colluvium

2312 Intramedia Pathways

Although several removal actions including the placement of clean fill have been
conducted 1n the 903 Lip Area recent samphng has confirmed the presence of Pu 239+240 in
the clean fill This movement of actimdes within various surface soil horizons as demonstrated
by the increase of actimde activity m the top 3 cm (1 2 inches) of fill material cannot be
explained by previous wind dispersion

Based on the site history and other information burrowing ammals ant colomes and
especially earthworms (which have all been observed at OU2) are believed to be the upwardly
mobile transport mechanisms for residual contamination that remained 1n the Lip Area (Litaor
etal 1994) Earthworm activity 1s probably the pathway for vertical migration of radionuchdes
within the top 40 cm (15 7 inches) of the soils investigated (Litaor et al 1994) Geological
features of the site such as lateral discontinuities and macroporosity could also contribute to
the redistribution of contaminants

The current dominant intramedia transport of surface soil Pu 239+240 contamination
from the 903 Lip Area 1s biological activity (e g earthworms) Rodents may also enhance
transport flow Earthen mounds produced by ants may have increased wind erosion of the soil
surface and affected eolian transport of soil particles contaimmng Pu 239+240 (Wmnsor and
Whicker 1979) Transport mechamisms (wind dispersion and precipitation runoff) potentially
exist if the soils or the current vegetative cover are disturbed as was experienced during the
onigmnal cleanup efforts Air monitoring results conclude that after the pad was installed n
1969 levels of wind dispersed contamination were significantly reduced Subsequent air
monitoring during the excavation efforts n 1976 and 1978 did not indicate dispersion of
contamination via windblown particulates Currently this wind dispersion transport mechanism
does not appear to be significant sue to the presence of a natural vegetative cover and the
absence of significant sources of actimde particles exposed to the ground surface

Ran simulations conducted to evaluate surface transport mechanisms found that actinides
did not migrate in runoff waters until the end of the second sequential 100 year rain event This
indicates that such migration can only occur under the most extreme and unlikely conditions

2 3 2 Residual Surface Soil Contamination

The contaminant fate and transport mechamsms for residual surface soil contamination
1s the same as those described under Source Area for Surface Soil Contamination (Section
231)
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2 3 3 Source Areas for Subsurface Soil Contamination
2331 Intermedia Pathways

The intermedia pathway of subsurface soil contaminant migration 1s the transport of
contammants from subsurface soil to groundwater Characterization of contaminants in the
subsurface soil sources has not been completed

VOCs semivolatile organic compounds (SVOCs) and/or radionuclides leaked released
to subsurface sols at the 903 Pad Drum Storage Site the Mound Site and Trenches T 1 through
T 13 as a result of past waste disposal practices VOCs and SVOCs previously migrated
downward through the vadose zone to the saturated zone

In general COCs may have migrated into the subsurface zones as dissolved constituents
or as non aqueous phase liquids (NAPLs) Along with this migration residual contamination
in the vadose zone and 1n the saturated zone likely occurred

Characterization of contamination present 1n the subsurface soil source has not been
completed However the presence of PCE above OU2 remediation target levels has been
confirmed n the vicinity of Trench T 3

PCE 1s essentially immiscible 1n water However PCE migration could have occurred
by several mechamisms The migration could have occurred directly 1f a sufficient amount (pool)
of PCE existed to overcome capillary pressures by diffusion or by dissolution in another more
mobile NAPL If the latter case were the main mechanmism for downward PCE migration one
would also expect significant concentrations of the accompanying NAPL

PCE has the ability to partition to the vapor phase via volatihzation and the liquid phase
via dissolution Following migration nto the subsurface liquid phase PCE will redistribute and
come to rest either as disconnected gangha and filaments (known as residual) or in the form of
potentially mobile pools perched upon capillary barriers (Poulsen et al 1992)

The ultimate penetration depth of PCE following a ground surface release depends on the
volume released and the distance to the water table Also important are the percentage of pore
space occupied by the PCE and the ureducible water saturation as well as the degree of lateral
spreading exhibited by the migrating PCE

The spatial distribution of the PCE mugration paths depends on the bedding structure of
the porous medium with horizontal bedding promoting lateral spreading The distribution of
water content the PCE fluid properties and the manner 1n which PCE was introduced in the
subsurface also affect the spatial distribution of PCE mugration paths (Poulsen et al 1992)

As previously stated in Section 2 3 1 analysis of SWMS measurements of soil moisture
matric potential precipitation and volume of collected freely flowing waters suggests that
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preferential flow occurs under both unsaturated and saturated conditions This preferential flow
may have allowed the fluid transport of dissolved PCE from the subsurface soil medium to the
groundwater during snowmelt and precipitation events

2332 Intramedia Pathways

Past and present intramedia transport has been and 1s primarily controlled by the flow
of interstitial waters through preferential pathways within the subsurface soil source area as
described 1n Section 231 These transport mechamisms (e g colloidal dissolution) are
contaminant specific

2 3 4 Residual Subsurface Soi1l Contamination

The intermedia pathway of residual subsurface soil contaminant migration from the
Northeast trenches 1s the transport of contaminants from subsurface soil to groundwater COCs
1in groundwater suggest that residual contamination in the vadose zone or saturated zone beneath
the Northeast trenches may persist and act as a secondary source of contamination to
groundwater Intermedia and intramedia transport of PCE 1n the subsurface soil residual area
will behave as described in Section 2 3 3 above

2 3 5 Upper Hydrostratigraphic Umt Groundwater Contamination
2351 Intermedia Pathways

The primary intermedia pathways affecting groundwater or affected by groundwater
include the transport of contaminants from surface soils to groundwater transport of
contaminants from subsurface soils to groundwater and the discharge of groundwater at seep
or surface water locations Transport of surface soil contaminants 1e Pu 239+240 was
addressed 1in Section 2 31 Transport and fate of COCs 1n subsurface soils 1s described in
Section 2 3 3 Discharge of contaminants at seep and surface water locations occurs where
groundwater exits the UHSU 1n response to hydraulic gradients or where the UHSU 1s truncated
along the OU2 hilisides

NAPLs movement through subsurface soils may have been relatively rapid especially
if the soils were dry and the quantity of NAPLs was large Fractures or macropores in the
subsurface soils could have facilitated movement of NAPLs to groundwater The fluid migration
likely resulted 1n residual contamination in the vadose zone and possibly the underlying saturated
zone Daissolved phase contaminants not held in the vadose zone ultimately reach the saturated
zone where they mix with groundwater 1n the saturated groundwater system NAPLs have been
observed in Trench T 3 (DOE 1995b) and are suspected in other OU2 contaminant disposal
areas

A NAPLs source 1n the subsurface soils can result in multiple incidents of dissolved
contaminant releases to groundwater during percolation of precipitation and recharge to

(I \PROJECTS\722463\128 WPF/5\19\95) 214

)S'M‘:i-‘
- ez e - =

I e - PR V- TR S

4




groundwater Residual NAPLs 1n subsurface soils can act as a long term contaminant source
to groundwater and greatly increase the time period of remediation

2352 Intramedia Pathways

The primary intramedia pathways include the transport of dissolved contamnants n
groundwater present 1n both the Rocky Flats Alluvium and associated unconsolidated geologic
materials and the No 1 Sandstone and dissolved contaminant transport between these water
bearing strata Contaminant sources within the saturated UHSU include residual DNAPL
globules and ganglia 1n the water bearing zone pore space and possibly DNAPLSs pooled on low
hydraulic-conductivity zones that serve as capillary barriers within the UHSU or
stratigraphically trapped on top of the Lower Hydrostratigraphic Unit (LHSU) PCE or other
chlorinated solvents may also be dissolved in light non aqueous phase liquid (LNAPL) pools that
remain 1n the groundwater capillary fringe Over time these denser solvents may leach from
the LNAPL pools nto the groundwater 1n the dissolved phase Such DNAPL and LNAPL
sources provide a long term source of VOC contaminants to groundwater

Once 1n groundwater Pu 239+240 may migrate as particulate and dissolved fractions

Pu 239+240 has been reported to sorb to particulates including colloids Pu 239+240 activity
observed m groundwater as a percentage of total sample activity 1s distributed primanly 1n the
particulate (40 percent) and dissolved (53 percent) fractions Although colloids comprise about
92 percent of the total particle concentration 1n the groundwater only about 6 percent of the total
plutonium activity 1s associated with colloidal particles while 94 percent 1s associated with
particulates Pu 239+240 thus appears to be very particle reactive and to also exhibit significant
dissolved phase association (Harmish et al no date)

Groundwater contamination 1n the saturated UHSU beneath the 903 Pad flows to the
northeast along the medial paleoscour Contaminant flow also occurs to the south southeast
towards Trench T 2 during the spring high water period During low water periods
groundwater flow continues to the northeast along the medial paleoscour but flow to the south
southeast becomes intermuttent as water levels decrease The predominant contaminants present
in plumes emanating from the 9033 Pad Area are VOCs VOC contaminants are found in
groundwater 1n saturated portions of the Rocky Flats Alluvium and colluvium and have
migrated vertically to the underlying No 1 Sandstone west of the 903 Pad and in the area of the
Northeast Trenches Groundwater contaminants from the 903 Pad may extend to the Southeast
Trenches area at low concentrations Contaminated groundwater from the UHSU discharges at
seeps near Trench T 2 and along the north facing hillslope of South Walnut Creek
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30 CORRECTIVE/REMEDIAL ACTION OBJECTIVES

The C/RAOs consist of media specific goals for protecting human healith and the
environment Remediation may practice protectiveness though reducing exposure such as
capping an area or limiting access or by reducing contaminant level mobility or toxicity The
C/RAOs were origmally developed i Technical Memorandum No 1 (DOE 1995a) In
response to regulatory comment they have been revised as follows

L] Remediate contaminated surface and subsurface soils to non zero chemical
specific ARARSs or to be considered (TBC) values as appropnate

. In the absence of ARARs/TBCs remediate contaminated surface and subsurface
soils so that they are within an acceptable risk range (excess cancer risk greater
than 10* to 10 or a hazard index of greater than one for noncarcinogens)
considering the reasonable maximum exposure scenario

. Remediate subsurface soils to levels which will ensure protection of groundwater
as prescribed by ARARs/TBCs identified for groundwater considering site
specific subsurface soil/groundwater interactions (Colorado State groundwater
ARARs have been identified for OU2 based on the current groundwater use
classification at the RFETS If the use classification 1s changed 1n the future
new ARARs will be identified based on the new classification)

. Remediate groundwater to non zero chemical specific ARARS/TBCs as
appropriate
. In the absence of ARARs/TBCs remediate contaminated groundwater that would

result 1n acceptable risk based concentrations considering the reasonable
maximum exposure scenario (total excess cancer risk of greater than 10* to 10°
or a hazard index greater than one for noncarcinogens)
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40 REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS

For the purpose of this technical memorandum the terms technology or technology
type refer to general groupings of technologies potentially applicable to general response action
(GRA) The term process option describes a specific process that 1s available for
consideration within a particular technology type A representative process option (RPO) 1s
a single process option that 1s representative of sumilar process options within a given technology
type The RPOs are selected as the basis for developing and evaluating various remedial
alternatives which eliminates the need to conduct a comparative evaluation of multiple similar
alternatives

This section documents the identification and screening of remedial technologies and
process options for the purpose of identifying RPOs that can be applied to developing remedial
alternatives The 1dentification and screening of technologies and process options was performed
according to CERCLA guidance (EPA 1988) which included

o Establishing media specific GRAs for OU2

. Identifying potentially applicable remedial technologies and process options for
each contaminated medium

. Screening the identified remedial technologies and process options against specific
criteria to eliminate technologies and process options that are not applicable to
site specific conditions or may not achieve the C/RAOs for the particular media
and

. Selecting RPOs to develop remedial alternatives

The GRAs that were established for OU2 are discussed 1n Section4 1 A discussion of
procedures and resources used to identify potentially applicable remedial technologies and
process options 1s presented 1n Section 4 2 The screening procedure screening criteria and
results of screening are presented 1n Section4 3 Descriptions of the remedial technologies and
process options that were retained after the screening process are provided mn Appendices A
(Surface and Subsurface so1l) and B (Groundwater) The selection of the RPOs used to develop
remedial alternatives 1s discussed 1n Section 4 4

41 Identification of General Response Actions

GRA:s are strategies that describe general actions that will satisfy the C/RAOs established
for OU2 Media specific GRAs were developed for each environmental medium exhibiting
COCs at concentrations above the selected remediation target for OU2 The media for which
GRAs were developed include surface soil subsurface soil (including THSS specific source
controls) and groundwater Identified GRAs may be implemented individually or imn
combination with other GRAs to meet the C/RAOs The GRAs identified for contaminated
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media include no action institutional controls containment (n situ treatment removal and ex
situ treatment A general description of each GRA 1s provided below

. No Action Required by CERCLA as a benchmark for comparison against other
remedial action alternatives Implies that no direct action will be taken to alter
the existing situation other than short and long term momitoring of site
conditions

. Institutional Controls Refers to controls based on legal and/or management
polictes which minimize public exposure to potential contaminants Examples
mclude legally restricting land use by zoming provistons or modification of deeds
and site access controls such as fencing

. Containment  Consists of those actions which would mimimize or prevent
mugration of contaminants by wind dispersion or storm water erosion mechansms
for surface soil and by nfiltration and vadose zone transport mechamisms for
subsurface soil and the saturated zone

. In Situ Treatment In general wn suu treatment refers to treatment of
contaminants 1n place In situ treatment actions would remove detoxify and/or
mmmobilize contaminants using chemical thermal physical or biological
technologies

. Removal Includes remedial actions such as soil/waste excavation and
groundwater extraction which are used to remove and/or consolidate contaminated
media Also includes transportation and disposal of non hazardous hazardous
radioactive and mixed wastes at permutted facilities such as a landfills storage
vaults myjection wells or underground repositories

° Ex Sutu Treatment This action 1s similar to in situ actions with the exception that
the contaminated media are extracted or removed prior to treatment Ex situ
actions separate or concentrate detoxify or immobilize contaminants using
chemical thermal physical or biological technologies

42 Identification of Technologies and Process Options

A comprehensive list of remediation technologies and process options was developed for
the RFETS as part of Task 3 of the CMS/FS (EG&G 1994) Resources consulted to compile
the comprehensive list of technologies (CLT) (ES 1994) included

o EPA and DOE guidance documents

. Technical publications journals and proceedings
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. Computerized remediation and waste treatment databases including EPA s
Vendor Information System for Innovative Treatment Technologies (VISITT)
Risk Reduction Environmental Laboratory (RREL) Treatability Database and
Alternative Treatment Technology Information Center (ATTIC) and

. Exising RFETS documents including treatability studies and interim
measures/interim remedial action (IM/IRA) reports

Information provided in the CLT and additional EPA and DOE guidance documents was
used to identify technologies and process options which are potentially applicable to remediate
the contamination present in OU2 The specific COCs for each medium presented 1in Section
2 1 were used as the basis for establishing three media specific contaminant groups

L Surface soil contaminated with radionuclides

L Subsurface soils (including subsurface soil source areas) contaminated with
VOCs SVOCs metals and radionuclhides and

o UHSU groundwater contaminated with radionuclides and VOCs

The comprehensive technology list for each medium provided the initial starting point for
the screening and evaluation of the remedial technologies and process options The lists of
technologies are grouped under surface soils subsurface soils and groundwater and are
presented later 1n this section

43  Screeming of Technologies and Process Options

The hist of technologies and process options for each medium was screened against
established criteria for implementability effectiveness and cost The goal of the screening
process was to eliminate those technologies and/or process options that obviously could not be
immplemented because of OU2 site specific factors thereby reducing the number of remedial
technologies and process options for consideration in the development of remedial alternatives

The screeming process was applied in two stages The first stage was an imtial
technology screen based on techmical implementability The second stage included an evaluation
of effectiveness 1nstitutional implementability and cost Process options were screened and
evaluated under the assumption that they would be implemented as the primary remedial
treatment process Therefore several process options were not retained after screening because
they were only applicable as a secondary treatment or a component of a potential remedial
alternative The following subsections present the methods criteria and results of the screening
of technologies and process options a description of the remedial technologies and process
options that passed the screeming criteria and a discussion regarding the selection of
representative process options retained for the development and detailed analysis of remedial
alternatives
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4 31 Intial Technology Screen Technical Implementability

The mmtial technology screen 1s a fatal flaw analysis based solely on technical
implementability Thus stage of screeming required the review of site characteristics and specific
information for each process option to identify any factor that would prevent the technology or
process option from being mmplemented at OU2 for a specified contaminated environmental
medium Some factors affecting technical implementability that were considered during the
fatal flaw analysis were

. Characteristic properties of contaminants

o COC concentrations

. Water table depth

. Depth to bedrock

* Horizontal and vertical extent of contamination
° Hydrogeologic characterization and

. Surface topography

If any factor or combination of factors that would prevent a process option from being
implemented was 1dentified that process option was eliminated from further consideration and
the reason was documented The mtial technology screeming process eliminated subsequent
development of more detailed information for those technologies and process options that were
determined to be obviously inadequate

The results of the mtial technology screen for surface soils are presented in Figure 4 1
This figure 1llustrates the relationship between surface soill GRAs remedial technologies and
process options Process option descriptions and screeming comments are also presented
Shaded entries represent those technologies and process options that were eliminated during the
mmtial technology screen

Five surface soil technologies were removed from further consideration (Figure 4 1)
based on the results of the mnitial technology screen Three containment technologies (surface
controls groundwater controls and vertical barriers) one in situ technology (chemical/physical)
and one ex situ technology (thermal) were removed because associated process options were not
applicable to the thin horizon of surface soils and/or could not be justified as a primary treatment
process without inclusion of other process options In addition numerous process options were
removed from consideration from the retamned technologies for the reasons specified in the
screemng comments column
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Results of the imtial technology screen for subsurface soils are presented 1n Figure 4 2
Surface controls and groundwater controls were eliminated as contamment technologies because
associated process options are not appropriate as primary treatment options by themselves and
do not warrant further consideration 1n the feasibility study (FS) Ex situ biological treatment
was eliminated as a technology type because associated process options are not practical for the
volume of contaminated material or appropriate for the treatment of radionuclides Thirteen
other process options were eliminated for the reasons specified 1n the screening comments

Results of the imtial technology screen for groundwater are presented in Figure 4 3
Storage of contaminated groundwater was eliminated from further evaluation because this 1s not
a long term solution In situ sohdification/stabilization technologies were eliminated for the
reasons 1dentified 1n the screening comments column It 1s assumed that any ex situ groundwater
treatment performed will be conducted at the existing onsite water treatment plant Therefore
all of the ex situ process options were eliminated except for the onsite water treatment plant
Twelve other process options were eliminated for the reasons specified in the screeming
comments

Descriptions of remedial technologies and process options for soils (surface and
subsurface) and groundwater that passed the imtial techmical implementability screen are
presented in Appendices A and B respectively

432 Technology Evaluation

The second stage of screenung included an evaluation of effectiveness institutional
implementability and relative cost The evaluation of effectiveness was deemed to be the most
important criterion in the technology evaluation stage Specific remedial technologies and
process options were evaluated on their effectiveness relative to other technologies or process
options within the same technology type The evaluation of effectiveness was based primarnly
on

. The potential effectiveness of process options in handling the estimated areas or
volumes of media and meeting the preliminary remediation goals (PRGs) and
other C/RAOs

° The potential impacts to worker safety human health and the environment during

the construction and implementation phase and

. The degree to which the processes are proven and rehiable with respect to the
contaminants and conditions at the site

The evaluation of institutional implementability included consideration of

. The ability to obtain the necessary permits for onsite and offsite actions
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° The availability of treatment storage and disposal services and

. The availability of necessary equipment and skilled workers to implement the
technology

Because of the limited information on some of the innovative technologies 1t was not
always possible to evaluate these technologies at the same level of detail as the demonstrated and
traditional remedial technologies and process options  Typically 1nnovative remedial
technologies were judged to be institutionally implementable and were retamned for further
evaluation either as a selected process option or as represented by another stmilar process
option within the corresponding technology type Figure 4 4 presents the results of the
technology evaluation for surface so1l All of the process options for surface soil were retained
for further evaluation

Figure 4 5 presents the results of the technology evaluation for subsurface soil In situ
biological treatment 1s not expected to meet C/RAOs for the subsurface COCs but has been
retamed as an applicable technology to treat non halogenated petroleum hydrocarbon in the
source areas 1f necessary In situ pneumatic fracturing electrokinetics and electroacoustical
soil decontamination were eliminated because they will not likely be effective at OU2 Four ex
situ process options were also elimnated because they are not effective for treatment of the
COCs or are difficult to implement

Figure 4 6 presents the results of the technology evaluation for groundwater Sheet piling
was eliminated from further evaluation because 1t will be very difficult to implement at OU2
The mult1 layer cap was also eliminated due to its lugh capital cost All of the remaining
process options were retained for further evaluation

44 Representative Process Options

All remedial technologies and process options that met the criteria for the mtial
technology screen and technology evaluation are presented as unshaded entries in Figures 4 4
through 4 6 RPOs were selected from retained process options for given technology types
based on engineering judgement Innovative technologies were only selected as RPOs if the
literature documented that they would provide better treatment fewer or lower adverse effects
and/or lower costs than more established process options The ability of the innovative
technology or process option to be implemented within a realistic imeframe was also taken into
consideration

The goal of the last screeming step was to select one or two process options to represent
each retained technology type The selected RPOs for OU2 surface soils subsurface soils and
groundwaters are presented in Tables 4 1 through 4 3 respectively These tables also provide
the GRAs and remedial technology types for each of the selected RPOs For surface soil 14
RPOs were selected (see Table 4 1) For subsurface soil 21 RPOs were selected (see Table
4 2) and 17 RPOs were selected for groundwater (see Table 4 3) Further evaluation of the
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selected RPOs 1s presented 1n Section 5 0 of this document This additional process option
analysis allowed for development and evaluation of distinct remedial alternatives

(1 \PROJECTS\722463\128 WPF/5\19\95) 47




N EG:=:6 ROCKY FLATS

oN

5 0 Potential Remedial Alternatives

50 Potentinl Remedial Altematives



50 POTENTIAL REMEDIAL ALTERNATIVES

Thus section develops the remedial alternatives for the five remediation areas This action
1s consistent with the IAG statement of work which states The range of alternatives shall
include at a mmmum options to reduce the toxicity mobility or volume of wastes but which
vary 1n the types of treatment the amount of wastes treated and the manner in which long term
residuals or untreated wastes are managed options involving containment with little or no
treatment options involving both treatment and containment and a no action alternative

The remedial alternatives mvolving treatment and/or containment were assembled using
combinations of the RPOs presented in Section 4 4 of this document The RPOs and other
suitable process options of the same technology types will be evaluated 1n depth during the
detailed analysis of alternatives (DAA) and presented in the CMS/FS report Because this
section includes a reasonable range of alternatives an initial screeming of aiternatives prior to
the DAA will not be conducted All remedial alternatives will be evaluated 1n detail during the
DAA Descriptions of the remedial alternatives are presented 1n the following subsections

51 OU2 Surface Soils Source Alternatives

Seven remedial alternatives for the OU2 surface soil sources were developed These
alternatives are designed to address remediation of Pu 239+240 contamination Alternative
concept diagrams are presented in Figures 5 1 through 53 General descriptions of each
alternative are presented 1n the following sections

Assumptions and considerations used during the assembly of alternatives for surface soil
sources include

. Disposal will be performed at an onsite or offsite treatment storage or disposal (TSD)
facility such as Envirocare Inc or the Nevada Test Site (NTS) and

o Arr samphing and radiological momtoring will continue under existing or modified
programs to monitor for possible migration at concentrations above the remediation target
level

511 GRA No Further Action
Alternative 1 No Further Action with Long Term Monitoring

The no further action alternative consists of long term momtoring for the surface soil
source (Figure 51) No additional remedial activiies or institutional controls will be
implemented for this alternative

The long term radiological momtoring of surface soil and awrborne dust would be

performed to evaluate potential contaminant migration at levels above the OU2 remediation
target level If momutoring detects migration of contaminants above the selected OU2
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remediation target for plutomum a contingency plan would be implemented The plan would
evaluate the nisks associated with the contamination and potential strategies to address the
mugrating contaminants that pose a threat to human health or the environment The contingency
plan may include implementation of one or any combination of the other surface soil alternatives
presented below Long term surface soil and air momtoring would be conducted until the COC
concentrations in the surface soils are consistently measured below the established OU2
remediation target

Thus alternative does not meet C/RAOs It 1s included only as a baseline for comparison
with other alternatives

512 GRA Institutional Controls
Alternative 2 Deed Restrictions and General Access Restrictions

Alternative 2 includes deed restrictions site access restricions and long term
radiological monitoring of the surface soils and airborne dust The deed restrictions would be
implemented to legally restrict use of the contaminated areas within the site Installation of
fencing around the contaminated areas (Figure 5 1) and long term security of the site would be
immplemented as necessary to limit access

Simular to the no further action alternative the institutional controls aiternative includes
long term air sampling and radiological momtoring of surface soils to evaluate potential
contaminant migration at unacceptable levels A contingency plan would be developed to
address risks associated with contaminant mugration The contingency plan may include
mmplementation of one or any combination of the other surface soil alternatives presented below
Long term momitoring would be conducted until the plutomum concentration 1s consistently
measured below the selected remediation target

513 GRA Containment
Alternative 3 Cap m Place

Alternative 3 mcludes an engineered cover (cap) that would be placed over the areas with
surface so1l contamination above the selected remediation target (Figure 5 1) The cap and the
site terrain would be graded and seeded Installation of fencing around the contaminated areas
(Figure 5 1) and long term secunty of the site would be implemented to limit access Deed
restrictions security and fencing would be installed as necessary to limit access to the site
Long term radiological air momtoring of the site would also be performed A contingency plan
would be developed to address risks associated with contaminant migration

The cap would be designed to decrease contaminant mobility by reducing air and surface
water dispersion of surface soils and by reducing infiltration of surface water Construction of
the cap and site grading would direct surface water runoff away from the affected areas The
cap would include an asphalt cover or an engineered cap to reduce erosion from wind and
surface water
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In addition to construction of a cap fencing around the site would be installed and site
security would be implemented to limut access to the affected areas Long term air momtoring
of the site would be performed to momtor for potential contaminant migration above the OU2
remediation target level through airborne dust

This alternative would reduce contaminant mugration to awr surface water and
groundwater It would also reduce the potential for exposure to concentrations of plutoniuum
greater than the selected remediation target

514 GRA In Situ Treatment
Alternative 4 In Situ Stabihzation/Sohdification

Alternative 4 includes in situ stabilization/solidification of surface soils It would reduce
the mobility of the contaminants by reducing the potential for these contaminants to migrate as
dust become entramed with surface water runoff or infiltrate further into subsurface soils
(Figure 5 2) The surface soils would be mixed 1n place with stabilization/sohidification agents
to produce a treated matrix that 1s resistant to both physical and chemical degradation If long
term momtoring detected migrating contamination above the OU2 remediation target level a
contingency plan would be implemented

Stabilization involves mixing the soil with a stabilization agent which chemically converts
the contaminant 1nto a less soluble and/or less toxic form Solidification entails mixing the soil
with a sohidification agent that produces a leach resistant physically durable solid product The
stabilization and solidification processes usually result 1n a volume increase of the contaminated
matrix due to the addition of treatment agents Treatment agents that could potentially be used
for the source surface soil include

° Cements (masonry Portland gypsum or polymeric)
. Lime/pozzalan mixtures (lime/fly ash or lime/blast furnace slag) and
. Encapsulation binders (bitumen thermoplastic polymers or catalyzed polymers)

In situ stabilization/sohdification would be performed using a varnety of common types
of mixing equipment For surface soils backhoe mounted equipment such as mixing injectors
rippers disk harrows and plows can be used Depending on the site conditions during the
remedial activities as determined by momtoring dust suppression measures and/or dust
collection equipment may be required

Following in situ stabilization or solidification the treated areas may be graded covered
with clean topsoil and seeded to provide a vegetative cover These measures would be
implemented to reduce the infiltration of surface water nto the treated areas increase
evapotranspiration and reduce the potential for erosion and exposure to the treated soil
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Long term radiological air monitoring would be required to ensure that airborne
particulates from the site are not above acceptable contaminant levels Fencing would be
installed around the affected areas and site security would be implemented to limit potential
contact with the treated soils

The stabilization/solidification would reduce the toxicity and/or mobility of the
radioactive contamination The fencing and site security components of this alternative would
reduce the potential for exposure to the treated soils

515 GRA Removal
Alternative 5 Excavation and Disposal

Alternative 5 would include the removal of all contaminated surface soil that exceeds the
selected remediation target for plutontum and subsequent onsite or offsite disposal (Figure 5 2)
The excavated so1l would be analyzed to determine the appropnate disposal requirements The
disturbed areas would be backfilled with clean soil and reseeded to provide a vegetative cover
During and after the excavation activities surface soil sampling would be performed to ensure
that all of the contamination above the OU2 remediation target has been removed No long term
radiological momtoring would be required once 1t had been demonstrated that remediation target
levels were achieved

Excavation of surface soils would be performed using conventional earthmoving
equipment such as backhoes bulldozers and graders Depending on the site conditions during
the remedial activities dust suppression or dust collection measures will be required
Monitoring of airborne particulates during excavation would establish the requirements for dust
control measures Following excavation the contaminated soils would be containerized utilizing
drums crates and/or rolloff boxes and transported to the appropriate disposal facility by a
conveyor system trucks and/or railcars

The excavated soils would be disposed either onsite at the RFETS or at an approprate
offsite TSD faciity Analytical testing of the excavated soils would be required to ensure
comphiance with disposal requirements

Clean fill from either an onsite or an offsite borrow source would be used as backfill for
the excavations Seeding of the affected areas may be performed to establish a vegetative cover
The benefits of a vegetative cover would be similar to those described 1n Section 5 1 4

Removal of the contaminated soils and disposal at a permitted facility would eliminate
potential onsite exposure to plutonium above the selected remediation target
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516 GRA Ex Suu Treatment
Alternative 6 Excavation and Soil Washing

Alternative 6 encompasses the excavation of contaminated surface soils and
transportation to an onsite facility for treatment by soil washing methods (Figure 5 3) After
soil washing the clean fraction of the treated soil would be used as backfill for the excavations
The contaminated fraction would be transported to an onsite or offsite disposal facility After
backfilling of the excavations the affected areas may be seeded to establish a vegetative cover
During and after the excavation activities surface soil sampling would be performed to ensure
that all of the contamination above the selected remediation target has been removed No long
term radiological monitoring would be required once it had demonstrated that remediation target
levels were achieved

Soil washing 1s a treatment process in which particle s1zing and separation techmques are
used to separate relatively contaminated soil fractions (typically the finer grained fraction) from
relatively clean coarser fractions Excavated soils are first wet scrubbed and sized to separate
coarse sized soil fractions from fines The coarse size soils are returned to the excavation and
the finer soils are subjected to attrition scrubbing with surfactants chelating agents or other
condiioning agents to further concentrate the contaminants Following treatment by soil
washing the clean fraction of the soil as determined by a radiological survey would be
returned to the site for use as backfill in the excavations The contaminated fraction and the
treatment residuals (e g washing solutions) would either be treated further and/or disposed at
an appropriate onsite or offsite disposal facility

After backfilling of the excavations the affected areas would be seeded to provide a
vegetative cover Additional clean fill may be required to replace the soil lost as fines during
washing activities The benefits of a vegetative cover would be similar to those described 1n
Section 5 1 4

Removal of the contaminated soils from the site would eliminate potential exposure to
plutonium contaminated soil above the selected remediation target

517 GRA Ex Suu Treatment
Alternative 7 Excavation, Ex Situ Stabihzation, and Return to Excavation

Alternative 7 would include excavation of the contaminated surface soils and onsite
stabilization treatment (Figure 5 3) After treatment stabilized soils that meet radiological
requirements would be used onsite as backfill for the excavations Soils not meeting the
requirements would be disposed at an appropriate TSD facility After backfilling the excavations
with the treated soils the affected areas may be seeded to allow for establishment of a vegetative
cover No long term radiological momtoring would be required once 1t had been demonstrated
that remediation target levels were achieved
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The excavation activities for this alternative would be the same as those described in
Section 5 1 5 (Alternative 5) Sampling and monitoring activities during the excavation would
also be the same as those described for Alternative 5 Containerization and transportation of the
excavated soil to an onsite treatment facility would be required

Treatment of the excavated soils would involve mixing with a stabilization agent which
would chemically convert the contaminant into a less soluble and/or less toxic form This
process would result 1n a volume increase of the contaminated matrix Treatment agents that
could potentially be used are presented mn Section 514 This alternative would require
installation of a temporary or permanent onsite treatment facility capable of performing
stabilization When soils have been stabilized they will be returned to the excavated area
covered with topsoll and revegetated similar to Alternative 6

The stabilization would reduce the toxicity and/or mobility of the contaminants contained
within the soil matrix The fixation of radionuchides 1n the so1l matrix would eliminate potential
onsite exposure to plutomum contaminated soill above the selected remediation target
Institutional controls would be added as required

52 OU2 Subsurface Soils Source Alternatives

Eleven potential remedial alternatives for the OU2 subsurface soil sources were
developed The alternatives are illustrated in Figures S 4 through 5 8 as concept flow diagrams
These alternatives are further described and evaluated in EE/CAs for subsurface soil sources

Assumptions used during the assembly of remedial alternatives for subsurface soil sources
include

* Pyrophoric uranium chips exist in at least some of the buried drums 1in Trench T
1
. Some drums buried at the site may have leaked resulting in the release of

contaminants to the subsurface soils n the trench and

. Heavy metals organics and radionuclides are assumed to be potentially present
in addition to the risk based COCs

521 GRA No Further Action
Alternative 1 No Further Action with Long Term Monitoring

The no further action alternative includes intrinsic remediation and long term monitoring
for the subsurface soil source (Figure 5 4) No additional remedial activities or institutional
controls would be implemented for this alternative
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The momtoring component of the no further action alternative would consist of periodic
soil sampling to momitor natural contaminant degradation and groundwater monitoring to
evaluate potential contaminant migration If monitoring detects migration of contaminants above
the OU2 remediation target a contingency plan would be implemented to evaluate the risks
associated with the contamination and develop potential strategies to address the migrating
contaminants that pose a threat to human health or the environment The contingency plan may
include implementation of one or any combination of the other subsurface soil source alternatives
as presented below The monitoring program would be conducted until the COC concentrations
in the subsurface soils and groundwater are below the OU2 remediation target

Thus alternative does not meet C/RAOs It 1s included only as a baseline for comparison
with other alternatives

522 GRA Institutional Controls
Alternative 2 Deed Restrictions and General Access Restrictions

Alternative 2 includes deed restrictions general access restrictions and long term
monitoring of the subsurface soils and groundwater The deed restrictions would be
mmplemented to legally restrict use of the contaminated areas within the site No construction
excavation or other intrusive activities would be allowed reducing potential exposure to the
contaminants Installation of fencing around the contaminated areas and long term security of
the site would be implemented to limit access

The long term momtoring would be similar to that discribed for the no further action
alternative A contingency plan would be developed and monitoring would continue until the
COC concentrations in the subsurface soils and groundwater are below the OU2 remediation
target

$§23 GRA Containment

Alternative 3 Cap m Place

Alternative 3 includes installation of an engineered cover (cap) over the areas where
subsurface soil contamination exceeds selected remediation targets Grading of the cap and the
site terrain would be performed Deed restrictions and general access restrictions would be
implemented to limit potential exposure to the contaminated solls Long term monitoring of the
subsurface soils and groundwater would also be performed for this alternative

The cap would be designed and constructed to decrease contaminant mobility by reducing
infiltration of surface water into the contaminated areas Grading of the cap and site terrain
would direct surface water runoff away from the affected areas The cap would include a
vegetative cover to reduce erosion from wind and surface water and increase evapotranspiration
The cap would not reduce migration of contaminants through the groundwater exposure pathway

The deed restrictions and general access restrictions would be consistent with Alternative
2 The long term momtoring would be similar to that described for the no further action
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alternative A contingency plan would be developed and if necessary momitoring would
continue the COC concentrations 1n the subsurface soils and groundwater are below the QU2
remediation target Groundwater would be monitored to measure any contaminant contribution
from the subsurface soil source

The capping and the nstitutional controls implemented for this alternative would reduce
potential exposures to the subsurface soil sources and mimmize downward leaching of
contaminants to groundwater

524 GRA Containment
Alternative 4 Cap in Place and Install Vertical Barrier

Alternative 4 includes installation of an engineered cover (cap) over the subsurface so1l
source areas and installation of a vertical barrier around the contaminated areas (Figure 5 5)
This alternative 1s the same as Alternative 3 with the addition of a vertical barrier The vertical
barrier could consist of a slurry wall or synthetic membrane wall The appropriate type of
vertical barrier for the site conditions will be determined 1n the DAA The vertical barrier
which would be tied 1nto the engineered cover system and competent bedrock would reduce the
mobility of contaminants from the subsurface soil sources by reducing the flow of groundwater
through the area As with Alternative 3 grading of the cap and surface terrain would reduce
the mobility of the contaminants by reducing infiltration of surface water into the contaminated
areas The containment system would be designed to be passive with no sigmficant long term
maintenance requirements No dewatering or active groundwater collection/treatment system
within the contaminated areas would be installed

525 GRA In Sutu Treatment
Alternative § Thermailly Enhanced Soil Vapor Extraction (SVE), Enhanced
Bioremediation, and Cap

Alternative 5 for the subsurface soil source (Figure 5 5) includes thermally enhanced so1l
vapor extraction (TSVE) to treat the VOCs and bioremediation for treatment of SVOCs An
engineered cover would be 1nstalled to reduce infiltration of surface water and contain the other
contaminants (radionuclide and metals) remaining in the subsurface soils Similar to Alternative
3 this alternative includes deed and access restrictions and long term momtoring of subsurface
soils and groundwater

The TSVE system utilizes heat and vacuum pressure to volatilize and remove organic
contaminants Offgas from the TSVE would be treated using granular activated carbon or an
equivalent treatment system to remove volatilized organics The sorbed collection media would
require treatment recycle or disposal Potential offgas treatment alternatives will be evaluated
in the DAA

Enhanced bioremediation would be implemented to degrade SVOCs 1n the subsurface
soill This will involve supplying oxygen moisture and/or nutrients te the contaminated soils
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to increase the naturally occurring degradation of contaminants As with Alternative 3 the cap
would reduce potential contaminant mobility exposures and infiltration of surface water and
prevent human and environmental contact with source media

The deed restrictions and general access restrictions would be consistent with Alternative
2 The long term monitoring would be similar the no further action alternative A contingency
plan would be developed and momtoring would continue until the COC concentrations 1n the
subsurface soils and groundwater are below the OU2 remediation target Groundwater
monitoring would be performed to measure any contaminant contribution from the subsurface
soil source

The TSVE and the enhanced bioremediation included in this alternative would
sigmificantly reduce the concentrations of VOCs and SVOCs 1n the subsurface soil source The
capping and the institutional controls implemented for this alternative would reduce potential
exposures to the subsurface soil sources

526 GRA In Situ Treatment
Alternative 6 TSVE, Enhanced Bioremediation, In Situ Stabilization, and Cap

Alternative 6 includes all of the technologies presented in Alternative 5 including TSVE
enhanced bioremediation and capping with the addition of in situ stabilization of the subsurface
soils Cap and site grading would be performed and deed and general access restrictions would
be mplemented As with Alternative 5 long term monttoring of the subsurface soils and
groundwater would be performed

In situ stabilization would be used to reduce the toxicity and mobility of the metal and
radionuchde contaminants by producing a treated medium that 1s resistant to both physical and
chemical degradation as described 1n Section 5 1 4 Stabilization would be performed after the
completion of TSVE and enhanced bioremediation Following the stabilization of the subgrade
soils the affected areas would be capped with an engineered cover as described in Section
524

Implementation of this alternative would result mn a sigmficant reduction of potential
exposure to contaminants above selected remediation targets The in situ treatment of the
contaminants would result 1n a reduction 1n the toxicity and mobility of the COCs Capping
would reduce the potential for exposure to the remaining contaminants and would mimmize
infiltration

527 GRA In Sutu Treatment
Alternative 7 Free Liquud Removal, In Suu Stabihzation, and Cap

Alternative 7 for the subsurface soil source (Figure 5 6) includes free liquid removal in

situ stabilization and capping of the affected areas Also included with this alternative are deed
and general access restrictions and long term monitoring
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Free iquid removal would be accomplished by 1nstallation of temporary extraction wells
and/or piping mto the subsurface soils Conventional pumping technmiques would be used to
remove any free liquids from the subsurface soils The removed liquids would be subject to
analytical testing to evaluate concentrations If liquids removed from the subsurface soils meet
the waste acceptance criteria (WAC) they would be transported to an onsite disposal facility or
offsite to an appropriate TSD facility for treatment and/or disposal

Following free liquid removal stabilization and capping would be implemented as
presented for Alternative 6 As with the no further action alternative long term monitoring of
the subsurface soils and groundwater would be performed

The free liquid removal and the stabilization would sigmificantly reduce the mobility and
toxicity of contaminants in the subsurface soils The capping would reduce the mobility of
contaminants and would also reduce the potential of exposure to the subsurface soils The deed
and general access restrictions would reduce the potential for exposure to the subsurface soils

528 GRA In Situ Treatment
Alternative 8 In Suu Vitrification (with Pretreatment as Necessary)

Alternative 8 for the subsurface soil source (Figure 5 7) includes in situ vitrification with
pretreatment as necessary Also included i this alternative are the nstitutional controls
including deed and general access restrictions and the long term monitoring described for
Alternative 2

In sutu vitnification utilizes heat generated between electrodes installed 1n the subsurface
soils to melt the contaminated matrix During the vitrification process the inorganic wastes are
transformed 1nto a molten vitreous mass that when cooled forms a glass like matrix that 1s
leach resistant and that does not need secondary containment Offgas collection and treatment
would be required to treat contaminants volatilized during the vitrification process Offgas
collection and treatment systems will be evaluated 1n the DAA

The 1n situ vitrification process would result 1n reductions of toxicity and mobility of the
contaminants The deed and general access restrictions would reduce the potential for exposure
to the subsurface souls

529 GRA Removal
Alternative 9 Excavation and Disposal

Alternative 9 for the subsurface soil source includes removal and disposal of the
subsurface soil sources The removed matenals would be analyzed to determine the appropriate
disposal requirements The disturbed areas would be backfilled with clean soil and reseeded to
provide a vegetative cover During and after the removal activities so1l sampling would be
performed to ensure that all of the contamination with concentrations above selected remediation
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targets had been removed Long term momitoring may not be required once 1t was demonstrated
that remediation target levels have been achieved

After removal the excavated wastes would be separated containerized and characterized
for transport and disposal The waste would be evaluated to determine disposal requirements
Depending on the contamination of the so1l remaining 1n place after excavation further remedial
activities may or may not be required If required remaining contamination would be controlled
using technologies described 1n Alternatives 2 through 8 or 10 and 11

Clean fill from either onsite or an offsite borrow source would be used as backfill for the
excavations Seeding of the affected areas would be performed to allow for establishment of a
vegetative cover

Removal of the subsurface soil sources would significantly reduce potential exposures to
contaminants that exceed selected remediation targets Backfilling of the excavations would
reduce the potential for exposure to the remamming subsurface soil contaminants

5210 GRA Ex Suu Treatment
Alternative 10 Excavation, Orgamcs Removal, and Soil Washing

Alternative 10 1s similar to Alternative 9 except that excavated soils would be treated
aboveground using organics removal and soil washing technologies (Figure 5 8) During and
after the removal activities soil sampling would be performed to ensure that all of the
contamination with concentrations above selected remediation targets was removed Long term
monitoring may not be required once 1t 1s demonstrated that remediation target levels have been
achieved

After excavation and separation drums and their contents will be repackaged as required
and the soil will be treated Excavated soil will be treated imtially using organics removal
technologies After the soils are treated for organics they will be treated using soil washing
technologies as discussed 1n Section 5 1 6 Clean maternial and so1l fractions resulting from soil
washing will be returned to the site graded and revegetated All wastes that are not suitable
to be returned to the site will be analytically characterized to determine the appropriate disposal
requirements and will be managed accordingly

Removal of the subsurface soil sources would sigmificantly reduce potential exposures to
contaminants that exceed selected remediation targets Backfilling of the excavations would
reduce the potential for exposure to the remaming subsurface soil contaminants

5211 GRA Ex Situ Treatment
Alternative 11 Excavation, Ex Suu Stabilization, and Return to Excavation

Alternative 11 1s similar to Alternative 10 except that excavated soils would be treated
aboveground using stabilization technologies (Figure 5 8) During and after the removal
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activities soil sampling would be performed to ensure that all contamination above selected
remediation target levels was removed Long term monitoring may not be required once 1t 1s
demonstrated that remediation target levels have been achieved

After excavation and separation drums and their contents would be repackaged as
required and the soils would be treated Stabilization would be used to reduce the mobility of
the contaminants in the excavated subsurface soils by producing a treated medmum that 1s
resistant to both physical and chemical degradation as described 1n Section 5 1 4 The stabilized
waste form will be analyzed for VOCs SVOCs toxicity charactenstic leaching procedure
(TCLP) and a radiological survey will be performed If the wastes meet analytical requirements
they will be returned to the excavation graded and revegetated Any wastes that do not meet
the analytical requirements will be re stabilized until the requirements are met or they will be
disposed at an appropriate onsite or offsite TSD facility Drummed wastes will be evaluated
and disposed at the appropriate TSD facility

Removal of the subsurface soil sources would significantly reduce potential exposures to
contaminants that exceed selected remediation targets Backfilling of the excavations would
reduce the potential for exposure to the remaming subsurface soil contaminants

§3 OU2 Surface Soils Residual Alternatives

Seven remedial alternatives for the OU2 residual surface soil remediation area were
developed to address Pu 239+240 contamination These alternatives are illustrated in concept
flow diagrams in Figures 5 9 through 5 11 The same assumptions and considerations presented
under source area surface soils (Section 5 1) apply to this remediation area

531 GRA No Further Action
Alternative 1 No Further Action with Long Term Momitoring

Alternative 1 consists of long term monitoring for the surface soul residual (Figure 5 9)
No additional remedial activities or institutional controls would be mmplemented for this
alternative The long term momtoring of surface soil and airborne dust would be consistent with
Alternative 1 for the surface soil source as presented in Section 5 1 1 Thas alternative does not
meet C/RAOs and 1s included only as a baseline for comparison with other alternatives

532 GRA Institutional Controls
Alternative 2 Deed Restrictions and General Access Restrictions

Alternative 2 includes deed restrictions site access restrictions and long term
radiological momtoring of surface soils and airborne dust (Figure 5 9) The components of this

alternative are consistent with those presented for Alternative 2 for the surface soil source
(Section 5 1 2)
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533 GRA Containment
Alternative 3 Vegetative Cover

Alternative 3 1nvolves placing a vegetative cover over surface soil contamination (Figure
59) This alternative also includes deed restrictions site access restrictions and long term
radiological monitoring of surface soils and airborne dust as described 1n Section 5 1 2

The vegetative cover would include a 6 inch thick layer of organic soil capable of
sustaiming vegetation The area would be seeded with plants and grasses native to the area to
augment the native vegetative cover currently established

Implementation of this alternative would reduce potential exposure to plutonium
contamination above the selected remediation target Thus alternative also reduces migration of
surface soils 1n storm water runoff and as airborne dust

5§34 GRA Containment
Alternative 4 Cap 1n Place

Alternative 4 includes an engineered cover that would be placed over surface soil
contamination areas (Figure 5 10) As with Alternative 3 for surface soil source areas (Section
51 3) grading of the cap and the site terrain would be performed and security and fencing
would be implemented to limt access to the site Long term air momtoring of the site would
be performed

This alternative would reduce contaminant mugration via airr surface water and
groundwater It would also reduce the potential for exposure to plutonlum contamination that
exceeds the selected remediation target

5§35 GRA In Suu Treatment
Alternative 5 In Suu Stabilization/Sohdification

Alternative 5 includes in situ stabilization/solidification of surface soil residuals (Figure
510) Deed and general access restrictions and long term airr momtoring would be
mmplemented This alternative 1s consistent with that for surface soil sources as described 1n
Section 51 4

The stabilization/solidification would reduce the toxicity and/or mobility of the plutonium

contamination 1 soil This alternative would reduce the potential for exposure to the treated
soils
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536 GRA Removal
Alternative 6 Excavation and Disposal

Alternative 6 includes excavating plutonium-contaminated surface soils that exceed the
selected remediation target and disposal at an approved onsite or offsite TSD facility (Figure
5 10) The excavated areas would be regraded and seeded to provide a vegetative cover No
long term radiological monitoring would be required because the contaminated soils would be
removed from the site  The components of this alternative are consistent with those described
in Section 5 1 5 for the surface soil sources Removal of the contaminated soils and disposal
at a permitted facility would eliminate potential exposure to plutonium-contaminated soil that
exceeds the selected remediation target

5§37 GRA Ex Sutu Treatment
Alternative 7 Excavation and Soil Washing

Alternative 7 includes excavating plutonium contamnated surface soils that exceed the
selected remediation target and treating the contaminated soil using soil washing technologies
(Figure 5 11) Following the treatment by soil washing the clean fraction of the soil would be
returned to the site as backfill for the excavations No long term radiological momtoring would
be required because the contaminated soils would be removed from the site and treated The
contaminated fraction and the treatment residuals would either be treated further and/or disposed
at an appropriate onsite or offsite disposal facility The components of this alternative are
consistent with those described 1n Section 5 1 6 for the surface soil sources Excavation and soil
washing would eliminate potential exposure to plutommum contaminated soil that exceeds the
selected remed:ation target

54 QU2 Subsurface Soils Residuals Alternatives

Two alternatives for subsurface soils residuals will be evaluated in the DAA They
include the no further action and the SVE alternatives The no further action alternatives will
be retamned for comparison purposes only (Figure 5 12) Selection of SVE 1s based on the EPA
guidance document Presumptive Remedies Site Charactenzation and Technology Selection for
CERCLA Sites with Volatile Orgamc Compounds in Souls (EPA 1993b)

The objective of the presumptive remedies mmtiative 1s to use the Superfund program s
past experience to streamline site investigations and expedite selection of cleanup actions
Presumptive remedies are preferred technologies for common categories of sites based on
historical patterns of remedy selection and EPA s scientific and engineering evaluation of
performance data on technology implementation Over time presumptive remedies are expected
to ensure consistency in remedy selection and reduce the cost and time required to clean up
similar types of sites In addition presumptive remedies are expected to be used at all
appropriate sites except under unusual site specific circumstances SVE thermal desorption and
incineration are the presumptive remedies for Superfund sites with VOC-contaminated soil
assuming the site characteristics meet certain critena
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In general the presumptive remedy alternative for subsurface soils residuals at QU2
would utilize SVE (ambient or thermally enhanced) to reduce VOC concentrations in subsurface
soils Soil vapor extraction wells 1nstalled in the contaminated areas would volatilize and
remove the COCs The extraction system may be thermally enhanced to increase the efficiency
of the volatilization and removal system This alternative 1s consistent with that for the
subsurface soil source as described 1n Section 5 2 5 although no bioremediation or stabilization
would be performed for the subsurface soil residual This alternative would include long term
monutoring of the subsurface soils and groundwater The in situ SVE would reduce the toxicity
of contaminated so1l and reduce the potential for exposure to PCE-contaminated soils that exceed
the selected remediation target

The Feasibility Study Analysis for CERCLA Sites with Volatile Organmic Compounds in
Soil (EPA 1994) provides the basis for limiting the analysis of technologies and alternatives
when applyng the presumptive remedy approach Information from the feasibility study
performed by the EPA will be utihzed 1n the DAA 1n developing recommendations for the
remedial action plan

§5 Remediation Alternatives for OU2 Groundwater

Five alternatives are proposed to remediate contaminated UHSU groundwater beneath
OU2 A description of each alternative 1s presented in Table 1 1 The alternatives include

° No further action

° Institutional controls

. Containment with or without treatment of drainage
. In situ treatment and

. Extraction and ex situ treatment aiternatives

Concept diagrams of the candidate alternatives are provided in Figures 5 13 through 5 14
Proposed implementation of the alternatives 1s shown on Figures 515 through 5 17
Descriptions of onsite water treatment facilities and pertinent treatability testing programs are
presented 1n Technical Memorandum No 1 for OU2

Assumptions and considerations used to develop the groundwater remediation alternatives
include

] Surface and subsurface soil sources have been removed and/or remediated
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. Groundwater within the UHSU can be remediated using individual alternatives or
a combmnation of containment collection and in situ or ex suu treatment
alternatives

° Existing RFETS onsite water treatment facilities have sufficient capacity or if
necessary can be upgraded to process groundwater from OU2

. Existing RFETS onsite water treatment facilities are designed or can be
upgraded to treat all of the OU2 COCs to acceptable concentrations and

. The acknowledged limitations of remediating DNAPL contaminated groundwater
to selected remediation targets are recognized and alternative remedial strategies

may apply

Potential difficulties and limitations inherent in remediating DNAPL contaminated
groundwater to federal and state cleanup levels are acknowledged and discussed mn EPA s
Guidance For Evaluating the Technical Impracticability of Ground Water Restoration (EPA
1993a) and Alternatives For Groundwater Cleanup (National Research Council 1994) EPA
(1993a) presents guidance for assessing the technical impracticability of groundwater remediation
for certan site and contaminant conditions and provides guidance for implementing remediation
at these sites Recogmzed conditions that may it the practicability of groundwater
remediation include complex stratigraphy low hydraulic conductivity presence of fractures and
the occurrence of DNAPLs  Although techmcal impracticability evaluations are typically
conducted after a ROD or after remediation has been implemented precedence exists for
conducting technical impracticability evaluations during the CMS/FS  Evaluation of the
technical impracticability for groundwater remediation at OU2 will be conducted as part of the
DAA

The natural shape of the medial paleoscour and the geometry of the UHSU and
surrounding low hydraulic conductivity bedrock hithologies provide a convenient mechamsm for
hydraulic control and/or collection of UHSU groundwater at OU2 Extraction wells can be
positioned 1n areas where the hydraulic conductivity and saturated thickness of the UHSU are
optimal to maximize groundwater production and areal drawdown Collection trenches can be
situated 1n areas where the medial paleoscour narrows to maximize groundwater collection with
the minmimum amount of trench length

The two primary geologic unuts of the UHSU that have the greatest areal distribution and
exhibit the greatest saturated thickness at QU2 are the Rocky Flats Alluvium and the No 1
Sandstone These units appear to contain most of the groundwater at OU2 Because of the
mportance of these units 1n the conceptualization and design of any remedial alternative
requiring groundwater extraction injection or control discussions of their relevant geologic and
hydraulic characteristics are described below

(1 \PROJECTS\7224631128 WPF/5\19\95) 516

—— SEEE e ametowd PR - - —— LN~ SR - > N R R



Rocky Flats Alluvium  The Rocky Flats Alluvium 1s the most widely distributed saturated
unconsolidated geologic unit underlying OU2  As 1illustrated 1n Figure 5 18 the thickest
occurrence of the Rocky Flats Alluvium is found 1n the medial paleoscour where the saturated
thickness 1s also greatest Groundwater flow 1n the alluvium in the medial paleoscour is
generally to the east northeast at a gradient of 0 020 ft/ft as measured during March and May
1992 Because the Rocky Flats Alluvium 1s erosionally truncated to the north east and south
within OU2 all alluvial groundwater 1s discharged to surface and subsurface seeps along the
bounding hillslopes of the South Walnut Creek and Woman Creek draimnage basins except for
alluvial groundwater that recharges the underlying consolidated bedrock units

The horizontal hydraulic conductivity values of the Rocky Flats Alluvium range between
5 x 102 and 4 x 10° centimeters per second (cm/s) and has a geometric mean of 6 x 10* cm/s
Laboratory vertical hydraulic conductivity values range between 1 3 x 107 and 1 2 x 10® cm/s
These figures are from the Preliminary Draft OU2 Phase II RFI/RI Report Because the
hydraulic conductivity of the Rocky Flats Alluvium 1s moderately low passive groundwater
collection and extraction methods are most appropriate for thuis umit The calculated average
groundwater flow velocity 1s about 120 feet per year assuming a hydraulic conductivity of 6 x
10* cm/s an average hydraulic gradient of 0 020 ft/ft and an assumed effective porosity of 10
percent No measured values of effective porosity of the Rocky Flats Alluvium are known

Arapahoe Formation No 1 Sandstone The No 1 Sandstone 1s a fluvial sandstone channel
deposit bounded by the surrounding bedrock strata that typically consist of claystone or siltstone
or by the north facing hillslopes of the South Walnut Creek drainage The No 1 Sandstone
directly subcrops beneath the Rocky Flats Alluvium in some areas and is separated from the
alluvium by bedrock claystone in other areas Because the No 1 Sandstone 1s erosionally
truncated along the north east and south by the South Walnut Creek and Woman Creek
dramnages no direct groundwater pathway exists within the sandstone from OU2 to offsite
locations Almost all sandstone groundwater at RFETS discharges to seeps at the surface

The No 1 Sandstone was deposited 1n channel incised bedrock claystone of the Laramie
Formation Groundwater flow in the sandstone is controlled by the geometry of the sandstone
unit and 1ts interaction with the overlying saturated alluvium and the South Walnut Creek and
Woman Creek drainages Groundwater flow in the No 1 Sandstone 1s toward the northeast and
locally southeast near the Northeast Trenches The hydraulic gradient ranges between 0 028 ft/ft
and 0 1 ft/ft Measured vertical hydraulic gradients between the Rocky Flats Alluvium and No
1 Sandstone range between 0 003 ft/ft and 0 019 ft/ft generally suggesting that the units are
hydraulically connected

The No 1 Sandstone exhibits moderately low horizontal hydraulic conductivity with
measured values ranging between 3 x 103 and 2 x 10* cm/s and a geometric mean of 7 x 10*
cm/s Vertical hydraulic conductivity values range between 1 1 x 10 and 31 x 10° cm/s
These figures are from the Preliminary Draft OU2 Phase II RFI/RI Report The wide range of
vertical hydraulic conductivity values suggests that horizontal layering may be an important
hydraulic control 1n the No 1 Sandstone As with the Rocky Flats Alluvium passive
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groundwater collection and extraction methods are most applicable to this formation However
in areas where the No 1 Sandstone exhibits greater hydraulic conductivities and large saturated
thicknesses groundwater may be extracted using pumping wells Calculated groundwater flow
velocity values for the No 1 Sandstone range between 200 and 730 feet per year These
velocities were calculated using a hydraulic conductivity of 7 x 10* cm/s hydraulic gradients
ranging between 0 028 ft/ft and 0 1 ft/ft and an assumed effective porosity of 10 percent

551 GRA No Further Action
Alternative 1 Intrinsic Remediation

The no further action alternative (Figure 5 13) provides a baseline for comparison against
other alternatives Long term groundwater monitoring will be conducted as part of this
alternative and an evaluation of natural contaminant degradation (intrinsic remediation) and
contaminant migration will be assessed Intrinsic remediation 1s the action of natural processes
such as dilution volatihization biodegradation adsorption and chemical reactions to reduce
contaminant concentrations to acceptable levels Consideration of intrinsic remediation requires
monitoring and predictive modeling of contaminant migration and degradation rates to determine
the feasibility of meeting C/RAOs

Long term momitoring will be conducted until groundwater no longer poses a threat to
human health or the environment If intrinsic remediation 1s not effective and contaminant
mugration occurs a contingency plan will be implemented to evaluate the associated risks and
to develop strategies to address contaminant migration that poses a threat to human health or the
environment The contingency plan may include implementation of one or any combination of
Alternatives 2 through 5

Alternative 1 provides no control of exposure to contaminated groundwater However
risk reduction may be achieved through intrinsic remediation

552 GRA Institutional Controls
Alternative 2 Deed Restrictions and Access Restrictions

Alternative 2 1nstitutional controls includes limiting use of contaminated groundwater
through property deed restrictions and mimmizing access to contaminated groundwater and
groundwater discharge areas (seeps) by the installation of security fences (Figure 5 13) In
addition deed restrictions for groundwater wells may be requested to prohibit water well
installation 1n the area of contaminated groundwater as long as groundwater contamination poses
a threat to human health or the environment Long term momtoring and an intrinsic remediation
evaluation also 1s included 1n this alternative

Long term monitoring will be conducted until groundwater no longer poses a threat to
human health or the environment If intrinsic remediation i1s not effective and contaminant
migration occurs a contingency plan will be implemented to evaluate the associated risks and
to develop strategies to address contaminant migration that poses a threat to human health or the
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Horizontal barriers or other ground surface treatments may be considered to enhance
surface water runoff maximize evapotranspiration and minimize infiltration and percolation of
water through subsurface soils Low maintenance strategies such as natural vegetative covers
are preferable However other horizontal barrier designs will be considered Use of horizontal
barriers or natural surface treatments (caps) may succeed 1n drying the UHSU so that VOC
constituents might be treated using conventional soil vapor extraction technologies The need
and placement of horizontal barriers will be assessed using predictive models during the DAA
and will be evaluated 1n conjunction with capping alternatives proposed for surface and
subsurface soil remediation areas

554 GRA In Suu Treatment
Alternative 4 In Sutu Treatment with or w thout Containment

Alternative 4 (Figure 5 14) consists of in situ treatment using air sparging/soil vapor
extraction (AS/SVE) enhanced bioremediation or passive treatment wall technologies This
alternative may include areal or local containment 1f necessary to enhance in situ treatment
Although numerous n situ treatment technologies are available these proposed technologies
were selected because of their demonstrated effectiveness and implementabihity

In situ air sparging mvolves 1njecting air into the saturated zone to remove dissolved and
residual VOCs Aur sparging 1s coupled with SVE so that VOCs released to the vadose zone
from the saturated zone are captured removed and treated Both halogenated and non
halogenated VOCs may be treated using this process Offgas treatment may be required to meet
applicable air quality standards

In situ bioremediation 1s a process where organic contaminants are completely or partially
metabolized by microorgamisms present in groundwater These orgamisms convert natural and
xenobiotic organic compounds 1nto water carbon dioxide and energy In situ bioremediation
of VOCs can occur under both aerobic and anaerobic environments depending on the particular
constituent However most chlorinated solvents are only biodegraded under anaerobic
conditions through co metabolism using secondary carbon substrates Conditions that support
co metabolic degradation of chlormated hydrocarbons may be locally present in OU2
groundwater  Enhanced in situ bioremediation fosters and optimizes natural in suu
bioremediation and biotransformation processes that occur in groundwater by mtroduction of
nutrients organic substrates and electron acceptors to the subsurface

A passive treatment wall 1s a permeable reaction wall constructed of matenals that will
degrade VOCs or sorb exchange or precipitate radionuclides Passive treatment walls are
typically installed across the flowpath of a groundwater contaminant plume so that the water
passively moves through the permeable part of the wall and contaminants react with the active
material in the wall Passive treatment walls can be constructed so that the active material can
be removed disposed and replaced when contaminant breakthrough occurs
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Figure 5 16 shows the proposed locations of in situ treatment components of Alternative
4 These preliminary locations were selected based on the site hydrogeology and dissolved
contammant distributions The proposed AS/SVE umit locations shown on Figure 5 16 are
designated with an AS prefix AS/SVE may be immplemented using either trench or well
designs depending on the saturated thickness of the UHSU A passive treatment wall
(designated witha PTW prefix on Figure 5 16) 1s proposed in the area east of the 903 Pad to
remediate radionuclides present in groundwater Proposed enhanced bioremediation locations
would be similar to those selected for AS/SVE Enhanced bioremediation would be used 1n lieu
of AS/SVE If 1t 1s determined to be more effective during the DAA

AS/SVE 1s proposed for the 903 Pad Mound area Trench T 2 Northeast Trenches and
at a location 1n the narrow part of the medial paleoscour north of the Southeast Trenches
AS/SVE will be used to remediate VOCs 1n both the unconsolidated geologic materials and the
No 1 Sandstone Greater VOC concentrations typically are found in groundwater 1n the No
1 Sandstone Predictive modeling will be used to determine the appropnate spacing and location
of individual AS/SVE umts If drying of the UHSU can be achieved using containment
technologies so that the unconsolidated geologic materials and No 1 Sandstone are drained
only SVE may be required to remediate VOCs remaining 1n the newly created vadose zone 1n
the UHSU

An 800 foot long passive treatment wall 1s proposed for the area east of the 903 Pad to
remediate radionuchide-contaminated groundwater but passive treatment wall technology may
also be considered for remediation of groundwater VOCs The treatment wall will be
constructed so that 1ts base 1s keyed into low permeability bedrock strata The reactive part of
the treatment wall will be designed so that it can be removed disposed and replaced when
contaminant breakthrough occurs Containment barriers may also be used with the passive
treatment wall to funnel contaminated groundwater to the wall s active treatment zone

555 GRA Ex Situ Treatment
Alternative § Extraction with or without Containment, Ex Situ Treatment, and
Release

Alternative 5 (Figure 5 14) consists of groundwater extraction ex situ treatment at the
onsite water treatment plant and release Areal or local containment may be used to enhance
collection and extraction of groundwater and to mimmize groundwater recharge Because of the
moderately low permeabilities of the unconsolidated geologic materials and the No 1 Sandstone
groundwater extraction generally will be accomplished using interceptor trenches with the use
of pumping where hydraulic conductivities are greater Treatment of the contaminated
groundwater for radionuchides and VOCs will be conducted at an onsite water treatment plant

Groundwater extraction involves the use of passive or active methods to collect and
remove contaminated groundwater from a site Passive groundwater collection 1s accomplished
by 1interceptor trenches or horizontal drains Active groundwater collection 1s conducted via
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pumping Vertical containment may be used to locally control and route groundwater to central
collection and extraction areas Capping may be used to minimize groundwater recharge

Figure 5 17 shows the proposed locations of extraction and containment components of
Alternative 5 The preliminary locations were selected based on the site hydrogeology and
dissolved contaminant distributions About 3 500 linear feet of interceptor trenches are proposed
at locations north of the 903 Pad near Seep 56 north of the Mound area near Seep 59
downgradient of Trench T 2 near Seep 64 downgradient of the Northeast Trenches and across
the narrow part of the medial paleoscour north of the Southeast Trenches These trenches are
designated with an IT prefix on Figure 5 17 Three pumping wells (designated W1 W 2
and W 3 on Figure 5 17) are proposed beneath and adjacent to the 903 Pad These wells are
proposed to locally extract more highly contaminated groundwater 1n these areas

A 1200 foot long vertical barmer (designated VB 1 on Figure 5 17) 1s proposed
upgradient (west) of the 903 Pad to mmmmze groundwater inflow to OU2 A natural
so1l/vegetative cover may be installed over the areas encompassed by the 903 Pad Mound
Trench T 2 and Northeast Trenches to maximize surface water runoff and evapotranspiration
so that groundwater recharge 1s mummized Limiting groundwater recharge will result n
lowering the groundwater table reducing the saturated thickness increasing the thickness of the
vadose zone and mimmizing the quantity of groundwater collected and treated Determination
of the effectiveness of groundwater extraction and treatment will be assessed during the DAA
Specific interceptor trench or pumping well configurations and locations and the need for
containment or capping will be determined using predicive model simulations
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60 LOCATION AND ACTION SPECIFIC APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

The DOE 1s responsible for identifying those promulgated standards requirements
criteria or limitations to be met during implementation of the selected remedy Applicable
requirements are those cleanup standards standards of control and other substantive
requirements criteria or limitations promulgated under federal environmental or state
environmental or facility citing laws that specifically address a hazardous substance pollutant
contaminant remedial action location or other circumstance at a CERCLA site Relevant and
appropnate requirements are those cleanup standards standards of control and other substantive
requirements criteria or limitations promulgated under federal environmental or state
environmental or facility citing laws that while not applicable to a hazardous substance
pollutant contaminant remedial action location or other circumstance at a CERCLA site
address problems or situations sufficiently similar to those encountered at the CERCLA site
Only state standards that are promulgated and 1dentified 1n a timely manner by the state and are
more stringent than federal requirements qualify as ARARs For purposes of identification and
notification of state standards the term promulgated means that the standards are of general
applicability and are legally binding

In addition to ARARs other non promulgated advisories criteria or guidance documents
that are to be considered (TBCs) to supplement an ARAR provision for a particular release may
be identified The TBCs are not legally binding However the TBCs can be used when
suitable to determine the level of cleanup required to protect human health and the environment

The EPA has established the three ARAR categories The categories are used as
guidance since some ARARs do not necessarily fall into this classification system They include
the following

° Chemical specific requirements are usually health or risk based numerical values
or methodologies which when applied to site specific conditions result in the
establishment of numerical values These values establish the acceptable amount
or concentration of chemical that may be found in or discharged to the ambient
environment via air emissions wastewater discharges or other routes

o Location specific requirements are restrictions placed on the concentration of
hazardous substances solely because they occur in special locations Typical
location restrictions include areas with sensitive or umque characteristics such as
wetlands areas of historical sigmficance or areas situated in locations requiring
special precautions because of seismic activity or flood plains

. Action specific requirements are usually technology or activity based
requirements or limitations on actions taken with respect to management of the
remediation waste or closure of the facility These requirements are triggered by
the particular remedial activities that are selected to accomplish a remedy
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Chemuical specific ARARs/TBCs that were previously identified for OU2 are presented
m Tables 22 2 3 and 2 4 for surface soils subsurface soils and groundwater respectively
Potential location and action specific ARARs/TBCs have been identified for each remedial
alternative presented 1n Section 5 O and are summarized 1n Tables 6 1 through 6 5 Location
and action specific ARARs/TBCs will be further evaluated and refined and each alternative will
be evaluated with respect to compliance with the ARARs/TBCs during the DAA

As discussed 1n Section 2 1 THSSs that are associated with source areas for surface and
subsurface soil contamination have been identified as likely candidates for non time cntical
removal actions The National Contingency Plan (NCP) states that removal actions under
CERCLA Section 104 and removal actions pursuant to CERCLA Section 106 shall to the extent
practicable considering the exigencies of the situation attain ARARs under federal environmental
or state environmental or facility citing laws [40 CFR 300 415(1)] As such the ARARs/TBCs
identified 1n Tables 6 1 and 6 2 should be considered 1n the design and implementation of source
removal actions for surface and subsurface soil
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Orgamics Inorgamics Water Quality Parameters Biochemistry
Biota Statement of Work Revision 2 EG&G Rocky Flats
Environmental Management Department Rocky Flats Plant
Golden Colorado 1991

EG&G 1991b General Radiochenustry and Routine Analyncal Services Protocol
(GRRASP) Part B Radioanalytical Services Protocol (RASP)
Statement of Work  Revision 21 EG&G Rocky Flats
Environmental Management Department Rocky Flats Plant
Golden Colorado 1991
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EG&G 1994

EPA 1988

EPA 1989

EPA 1992a

EPA 1992b

EPA 1993a

EPA 1993b

EPA 1994

Fedors and Warner 1993
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Task 3 Report Comprehensive List of Technologies Corrective
Measures Study/Feasibiity Study Engineering Science Inc
January 1994

Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA OSWER 9355 3 01 UsS
Environmental Protection Agency Office of Emergency and
Remedial Response Washington D C  October 1988

Risk Assessment Guidance for Superfund Volume 1 Human Health
Evaluation Manual (Part A) EPA/540/1 89/002 U S
Environmental Protection Agency Office of Emergency and
Remedial Response Washington D C 1989

Guidance for Data Useability in Risk Assessment (Part A) Final
OSWER 9285 709A U S Environmental Protection Agency
Office of Solid Waste and Emergency Response Washington
D C 1992

Considerations in Ground Water Remediation at Superfund Stites
and RCRA Facilines OSWER 9283 1-06 U S Environmental
Protection Agency Office of Emergency and Remedial Response
Washington D C May 27 1992

Guidance for Evaluating the Technical Impracticability of Ground
Water Restoraion  OSWER 9234225 U S Environmental
Protection Agency Office of Emergency and Remedial Response
Washington D C 1993

Presumptive Remedies  Site Charactenzation and Technology
Selection for CERCLA Sites with Volatile Organic Compounds in
Souls OSWER 9355 0-48FS  Office of Solild Waste and
Emergency Response U S Environmental Protection Agency
Washington D C 1993

Feasibiuity Study Analysis for CERCLA Sites With Volatile Organic
Compounds in Soil  Office of Solid Waste and Emergency
Response U S Environmental Protection Agency Washington
D C 1994

Characterization of Physical and Hydraulic Properties of Surficial
Matenals and Groundwater/Surface Water Interaction Study at
Rocky Flats Plant Golden Colorado July 1993




Harnish et al no date

IAG 1991

Krey & Hardy 1970

Litaor 1994

Litaor et al 1994

Litaor et al
unpublished date

Little et al 1980

National Research
Council 1994

Poet and Martell 1972

Poulsen et al 1992

Seed et al 1971
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Particulate Colloidal and Dissolved Phase Associations of
Plutonlum Americium and Uranium in Water Samples from Well
1587 Surface Water SW 51 and Surface Water SW 53 at the
Rocky Flats Plant Colorado

Rocky Flats Interagency Agreement Between the State of Colorado
the Environmental Protection Agency and the Department of
Energy 1991

Plutonium in Soul Around the Rocky Flats Plant P W Krey and
EP Hardy HASL 235 1970

Actinides in the Soil Environment of Operable Unit 2 A Synopsis
M Iggy Litaor EG&G Rocky Flats Environmental Restoration
Program Department Golden CO

Heavy Metals in the Environment Plutomium 239+240 and
Americium 241 in Soils East of Rocky Flats Colorado Published
im J Environ Qual 2312311239 M Iggy Litaor ML
Thompson G R Barth and P C Molzer 1994

Comprehensive Appraisal of Plutomum 239+ 240 in Soils Around
Rocky Flats Colorado M Iggy Litaor D Ellerbroek L Allen
Enka Dovala EG&G Rocky Flats Golden CO

Plutomium in a Grassland Ecosystem at Rocky Flats Little C A
FW Whicker and TF Windsor J Environ Qual 9 350 354
1980

Alternatives for Groundwater Cleanup 1994

Plutonium 239 and Americium 241 Contamination in the Denver
Area Health Phys 23 537 548 1972

A Field Experiment to Study the Behavior of Tetrachloroethylene
in Unsaturated Porous Media Environmental Science Technology
Volume 25 No 5 1992

Commuttee Evaluation of Pu Levels mn Soils within and
surrounding USAEC Installation at Rocky Flats Colorado DOW
Chemical Company RFP INV 1




Winsor and Whicker 1979 Pocket Gophers and Redistribution of Plutomum in Soil Health
Physics 28 2189 2195 1979
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ROCKY FLATS ENVIRONMENTAL
/ TECHNOLOGY SITE BOUNDARY

Rocky Flats
Environmental
T chnology Site

COLORADO

?

PREPARED FOR

US DEPARTMENT OF ENERGY

ROCKY FLATS ENVIRONMENTAL
TECHNOLOGY SITE
GOLDEN, COLORADO

Figure 21

Operable Unit No 2
Technical Memorandum No. 2
Location Map
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TABLE 2 1

IHSSs ASSOCIATED WITH OU2

IHSS

SOURCE AREAS
FOR
SURFACE SOIL
CONTAMINATION

OU2 REMEDIATION AREAS ¥

e —___ _ —

SOURCE AREAS
FOR
SUBSURFACE SOIL
CONTAMINATION

RESIDUAL
SURFACE SOIL
CONTAMINATION

RESIDUAL
SUBSURFACE SOIL
CONTAMINATION

903 Pad Drum Storage
Site (112)

X

.|

903 Pad Lip Sute (155)

x |

East Spray Fields
(216 2)

East Spray Field
(216 3)

Gas Detoxification Site
(183)

Mound Site (113)

Oil Burn Pit No 2 Site
(153)

»

Pallet Burn Site (154)

>

Reactive Metal
Destruction Site (140)

Trench T 1 (108)

Trench T 2 (109)

Trench T 3 (110)

Trench T-4 (111 1)

Trench T 5 (111 2)

Trench T-6 (111 3)

Trench T 7 (111 4)

Trench T 8 (111 5)

Trench T 9 (111 6)

Trench T 10 (111 7)

Trench T 11 (111 8)

Trench T 12

LB L R L R L B L L R L L R R L R L L

Trench T 13

LR L L R L N L AL L R L R L B ]

PO Pd IR |4 EDd 4 4 R [k |0 [ ¢ 1M
; R s e e oo

ol Groundwater contamination 1n the UHSU occurs throughout OU2 and 1s non JHSS specific
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TABLE 2 5

THSSs THAT CONTAIN CONTAMINANTS OF CONCERN
GREATER THAN SELECTED REMEDIATION TARGETS

IHSS

OU2 REMEDIATION AREAS ¥

—

SOURCE AREAS
FOR
SURFACE SOIL
CONTAMINATION

SOURCE AREAS
FOR
SUBSURFACE SOIL
CONTAMINATION

=

RESIDUAL
SURFACE SOIL
CONTAMINATION

RESIDUAL
SUBSURFACE SOIL
CONTAMINATION

903 Pad Drum Storage
Site (112)

X

903 Pad Lip Site (155)

xhl

i

East Spray Fields
(216 2)

East Spray Field
(216 3)

(183)

Gas Detoxification Site

Mound Site (113)

(153)

Oil Burn Pit No 2 Site

Pallet Burn Site (154)

Reactive Metal
Destruction Site (140)

Trench T 1 (108)

Trench T 2 (109)

Trench T 3 (110)

Trench T4 (111 1)

Trench T 5 (111 2)

Trench T-6 (111 3)

Trench T 7 (111 4)

Trench T 8 (111 5)

Trench T 9 (111 6)

Trench T 10 (111 7)

Trench T 11 (111 8)

Trench T 12

L R L L L R L R L R L R L A L R

Trench T 13

¥ Groundwater contamination in the UHSU occurs throughout OU2 and 1s non IHSS specific
b Includes surrounding areas of the THSS with concentrations of contamination that exceed OU2
remediation target level

S \EMILYWOUNTMN\TABLES2




TABLE 41

SELECTED REPRESENTATIVE PROCESS OPTIONS

SURFACE SOIL
GENERAL
RESPONSE ACTION

No Further Action (NFA)

Institutional Actions

Containment

Removal

In Situ Treatment

Ex Situ Treatment

S \EMILNOUNTM2\TABLES2

FOR SURFACE SOILS

REMEDIAL
TECHNOLOGY
None
Access Restrictions
Land Use Restrictions
Monitoring
Horizontal Barriers

Excavation

Short Distance Transport
Long Distance Transport

Offsite Disposal
Onsite Disposal

Solidification/Stabilization

Chemical/Physical Treatment

Sohdification/Stabilization

REPRESENTATIVE
PROCESS OPTION
Not Applicable
Fencing Security Etc
Deed Restrictions
Fugitive Dust Monitoring
Cover

Soil Excavation

Conveyor System
Truck/Rail Hauling

Landfill/TSD Facility
Permitted Landfill

Solidification/Stabilization
Soil Washing

Stabilization
Vitrification

e 3
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TABLE 4 2

SELECTED REPRESENTATIVE PROCESS OPTIONS

SUBSURFACE SOIL
GENERAL

RESPONSE ACTION

No Further Action (NFA)

Institutional Controls

Containment

Removal

In Situ Treatment

Ex Situ Treatment

S \EMILY\OUXNTM2\TABLES2

s P e S Mo rdesS Wt e =~ e E

FOR SUBSURFACE SOILS

REMEDIAL
TECHNOILOGY

None
Access Restrictions
Land Use Restrictions

Monitoring

Vertical Barriers
Horizontal Barriers

Mechanical Excavation

Short Distance Transport
Long Dastance Transport

Offsite Disposal
Onsite Disposal

Biological

Chemical/Physical Treatment
Solidification/Stabilization
Thermal Treatment
Chemical/Physical Treatment

Solidification/Stabilization

Thermal Treatment

REPRESENTATIVE
PROCESS OPTION

Not Applicable

Fencing Security Etc
Deed Restrictions
Vadose Zone Monitoring

Slurry Wall
Cover

So1l Excavation

Conveyer System
Truck/Rail Hauling

Landfill/TSD Facility
Permitted Landfill

Enhanced Bioremediation

Soil Vapor Extraction

Stabilization

Vitnification

Thermally Enhanced Soil
Vapor Extraction

Soil Washing

Encapsulation

Vitnfication

Low Temperature Thermal
Desorption

Incineration

25 T AR BB e T Db S e



TABLE 4 3

SELECTED REPRESENTATIVE PROCESS OPTIONS

GROUNDWATER GENERAL
RESPONSE ACTION

No Further Action (NFA)

Institutional Controls

Containment

Removal

In Sutu Treatment

Ex Situ Treatment

S \EMILY\OUNXTM2\TABLES2

FOR GROUNDWATER

REMEDIAL
TECHNOLOGY

Intrinsic Remediation

Access Controls
Land Use Restrictions
Intrinsic Remediation

Surface Controls
Groundwater Controls
Vertical Barriers
Horizontal Barners
Groundwater Extraction
Groundwater Transport
Disposal

Enhanced Bioremediation

Chemical/Physical Treatment

Thermal

Chemical/Physical Treatment

REPRESENTATIVE
PROCESS OPTION

Groundwater Monitoring

Fencing Secunity Etc
Deed Restrictions
Groundwater Monitoring

Revegetation
Interceptor Trenches
Cutoff Wall

Cover

Interceptor Trenches
Truck/Rail Hauling
RFETS Sewage Treatment Plant

Enhanced Aerobic Bioremediation

Enhanced Anaerobic
Bioremediation

Air Sparging/SVE

Passive Treatment Wall

Thermally Enhnaced Soil Vapor
Extraction

Onsite Water Treatment Plant

. z
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APPENDIX A

DESCRIPTION OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
PASSING THE TECHNICAL IMPLEMENTABILITY SCREEN
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DESCRIPTION OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
PASSING THE TECHNICAL IMPLEMENTABILITY SCREEN

This appendix provides a description of the technologies and process options that have
passed the technical implementability screen and are being considered for remediation of
contaminated soil at RFETS The technologies included 1n this appendix cover the range of
options and approaches available to treat contaminated soil or otherwise protect human health
and the environment These technologies alone or 1n combination have been considered 1n the
development of alternatives to satisfy the remedial action objecives EPA guidance documents
engineening reference matenals technical journals peniodicals and reference data bases were
used to prepare these technology descriptions

The technologies are organized 1n general by general response action technology type
and process option The following general response actions are no action 1nstitutional actions
containment removal transport storage and disposal in suu treatment and ex sizu treatment

Al NO FURTHER ACTION

The no action option provides a baseline exposure nsk scenario for comparison with the
nisks associated with implementation of other technology types No action means no response
to potential soil contamination and no interruption of potential human health and environmental
exposure pathways Although nothing 1s implemented to address soil contamination under no
action natural processes such as dilution volatilization biodegradation adsorption and
chemical reactions may occur These processes are collecuvely referred to as natural
attenuation and over tme may reduce contaminant concentrations Contaminants that may be
degraded removed or reduced as a result of natural attenuation include non halogenated volatile
and semivolatile organics and petroleum hydrocarbons Other compounds such as halogenated
volatiles and semivolatiles pesticides and norganics may also naturally attenuate but not as
effectively

The following factors may limit the applicability and effectiveness of the process
No action and natural attenuation should be used only 1n low nisk situations and
No action may require periodic soil surface water and groundwater monitoring
(EPA 1988) to determine 1f any changes have taken place 1n short term and long
term nsks
A2 INSTITUTIONAL CONTROLS
Institutional controls reduce exposure to site contaminants through administrative actions
and access restricions Administrative actions include land access and use restrictions and

monitoring of conditions at the site The intent of access restnctions 1s to interrupt exposure
pathways Access restrictions include barriers fencing and waming signs
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Institutional controls may be appropnate for sites where the potential for exposure 1s
minimal or where baseline risks are determined to be low However institutional controls may
also be selected for highly contaminated sites where the nisks to workers or community dunng
remediation would exceed the present risks at the site In this case nstitutional controls could
include site access restrictions

As 1ndicated above 1nstitutional controls may be combined with other response actions
to satisfy remedial action objectives For example if a site 1s remediated through containment
or treatment institutional controls such as deed restnctions or access restrictions may be
implemented during as well as after the site 1s remediated

A21 Access Restrictions

Access restrictions reduce potential exposures by limiting access to contaminated areas
Such restrictions include warning signs fences and other physical barriers and can also include
security systems such as guards hghting and alarms The most common access restriction
applicable to humans 1s fencing

The following factors may limit the applicability and effectiveness of the process
Access restrictions may have to be expanded if contaminants migrate and
It 1s difficult to establish vertical access restrnictions
A211 Fencing, Secunty

Exposure to contaminants would be reduced or eliminated by 1installing a fence around
the entire site Long term secunty would be provided to ensure that the public does not enter
into the restricted area Monitoring would be needed to ensure that the contaminants are not
mugrating outside the fenced area If contamination migration occurred the fenced area may
need to be expanded to ensure protection of the public

A22 Land Use Restrictions

Exposure to contaminants may be reduced or eliminated through land use restrictions
Land use restrictions may be incorporated in deeds or zoning requirements Often deed and
zoning restrictions must be considered together because deed restrictions indicate what cannot
be done and zoning restnictions indicate what can be done Before deed restrictions can be
implemented a comprehensive title search would be needed to venfy Fee Simple ownership
(1e mineral water and other inherent rights) of the land
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A221 Deed Restrictions

Exposure to contaminants may be reduced or ehminated by adding restrictions to the
property deed that hmt the future land use For example residential or commercial
construction in contaminated areas could be prohibited by defining those areas and adding an
appropnate stipulation in the property deed The contaminants would not be removed but may
be reduced over time by natural attenuation

The following factors may hmit the applicability and effectiveness of the process

The mineral water or other inherent rights must be purchased if they are owned
by another party and

Potential present and future legal challenges may cause difficulties
A222 Zoning Restrictions

Exposure to contaminants may be reduced or eliminated by restricting future land use
through zoning ordinances Zoning restrictions would restrict development or use of the entire
property rather than just the contaminated areas Again the contaminants would not be
removed but may be reduced over time by natural attenuation

The following factors may limit the applicability and effectiveness of the process

Zoning restnictions may be changed by public and institutional decree at any
time and

Potential present and future legal challenges may cause difficulties
A23 Monitoring

Montoring of surface water groundwater vadose zone moisture or fugitive dust may
be incorporated 1nto a remed:al action alternative to evaluate site conditions before during and
after remediation Monitonng nvolves peniodic sampling and analysis to determine 1if surface
water groundwater vadose zone or fugitive dust contaminants have degraded or migrated
Monitoring does not reduce contaminant toxicity mobility or volume Consultants and
laboratories that conduct surface water groundwater vadose zone and fugitive dust momtoring
are readily available

The following factors may limit the applicability and effectiveness of the process

Stratification of contaminants in stagnant waters must be considered and
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Proper location and installation of the monitoring wells can be difficult and
should be based on all available contaminant data as well as on geologic and
hydrogeologic data

A231 Groundwater Momtoring

Site specific charactenistics that influence the placement of monitoring wells include the
nature of the aquifer (e g artesian) charactenstics of potential leachate and groundwater depth
flow rates and direction of flow Based on assumptions and data about the charactenistics of
the site approximate permeability of soils in the zone of acration and directions and velocities
of groundwater flow the maximum probable areal extent of contaminant migration can be
estimated as a basis for establishing the position of monitoring wells

Proper location and installation of monitoring wells are essential to a monitoring
program A mummum of four groundwater monitoring wells are typically installed at a
hazardous waste site one upgradient well and three downgradient wells However site
hydrogeology 1s often too complex for only four wells to provide adequate detection of
groundwater contamination

Upgradient wells are placed beyond the upgradient extent of contamination At least
three downgradient wells are located to ensure that releases of hazardous waste or hazardous
waste constituents from the hazardous waste management unit(s) to the uppermost aquifer will
be quickly detected The specific number of wells to be included 1n a detection system depends
on the honizontal spacing between well locations and the vertical sampling interval of individual
wells

A232 Vadose Zone Monitoring

Monitoring of the vadose zone (1 ¢ the unsaturated zone) of soil beneath a hazardous
waste site 1s currently not required by federal regulations However vadose zone monitoring
can be used to demonstrate that overlying contaminants have not migrated into the vadose zone
and also that existing contaminants in the vadose zone are not moving

The most commonly used monitoring tool 1n the vadose zone 1s the suction lysimeter
Suction lysimeters are 1nstalled 1n the vadose zone beneath the hazardous waste site and beneath
any low permeability liners Backup lysimeters are often installed beneath or adjacent to the
pnmary lysimeter to verify results
A233 Fugitive Dust Monitoring

Monitoring of fugitive dust pnmanly includes radiological surveys These surveys can

be used to demonstrate that contaminated soils are not migrating via the wind/air dispersion
pathway Ambient air samplers monitor airborne dispersion of radioactive matenials Samplers
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operate continuously at a volumetric flow rate of approximately 12 hiters per second collecting
air particles on fiberglass filters

A3 CONTAINMENT

Containment interrupts the exposure pathways to contaminated soil and prevents or
reduces migration of hazardous substances into the surrounding environment While containment
reduces the mobility of the contaminants 1t does not reduce their toxicity or volume
Containment technologies include honzontal and vertical barners

A3l Vertical Barriers

Vertical barriers prevent horizontal migration of contamination by introducing or creating
a physical barrier around all or part of the contaminated soil mass Slurry walls and synthetic
membrane cutoff walls are types of vertical barners

A311 Slurry Wall

These subsurface barriers consist of a vertically excavated trench filled with a slurry
The slurry usually a mixture of bentonite and water hydraulically shores the trench to prevent
collapse and forms a filter cake to reduce groundwater flow In some cases soil or cement 1s
added to the bentonite slurry to form a so1l bentonite or cement bentomte barner Slurry walls
can be keyed to a confining layer of clay or bedrock or left hanging when contaminants
such as petroleum hydrocarbons do not mix with the groundwater Slurry walls are often used
where the waste mass 1s too large for practical treatment and where soluble and mobile
constituents pose an imminent threat to a drninking water source They are economical at
moderate depths (40 to 70 feet) and have a low water permeability (from 10+ to 10* cm/sec)
Slurry walls have been successfully implemented at hazardous waste sites are applicable to the
full range of contaminants with no particular target group but are considered capital intensive

The following factors may limit the applicability and effectiveness of the process
The technology only contains the contaminants to a specific area
So1l bentomte backfills are not able to withstand attack by strong acids bases salt
solutions and some organic chemicals There 1s some concern regarding the
permeability of slurry walls to certain organic compounds
There 1s the potential for the slurry walls to degrade or deteniorate over ime and
The trenches are generally imited to an excavated depth of approximately 30 feet

using conventional backhoes Greater depths approaching 70 feet can be
achieved using telescopic backhoes or clamshells
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A312 Synthetic Membrane Cutoff Wall

Synthetic membranes are used to form a cutoff wall to divert or contain groundwater
Compatibility testing of the liners with chemical wastes must be performed to determine
durability To place a synthetic membrane liner as a vertical barner a trench must be dug from
the surface to an impervious soil layer and a drain must be placed in the bottom of the trench
to remove excess water The synthetic membrane must be suspended vertically in the trench
and the trench must be backfilled with sand or other suitable material To be effective the liner
must be keyed into the underlying impervious barmer Dunng construction the trench must
remain open to facilitate placement of the liner Extra precautions must be taken when working
with loose unconsolidated matenals to ensure proper placement of the liner

The following factors may limit the applicability and effectiveness of the process
The technology only contains the contaminants to a specific area

Construction depending on site conditions may be difficult and the synthetic
membrane may become damaged and

The trenches are generally himited to an excavated depth of approximately 30 feet
using conventional backhoes Greater depths approaching 70 feet can be
achieved using telescopic backhoes or clamshells

A32 Homzontal Barriers

Horizontal barners reduce contaminant migration from soils and sediments by minimizing
contaminant entrainment as dust leaching infiltration and/or contact with surface water runoff
Honzontal barners are effective 1in contaiming organic and inorganic contaminated soils

Exposure pathways to contaminants in soils and sediments are also interrupted by
honzontal barniers Honzontal barners include caps and covers grout injection pavement and
sprayed sealants

A321 Vegetative Cover

Vegetative cover processes include grading and backfilling the contaminated area with
general backfill/topsoil matenal planting vegetation and applying pea gravel
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The following factors may himit the apphcability and effectiveness of the process

Backfilling and grading provide no hydraulic barners to prevent infiltration of
precipitation nto underlying matenal

Soi1l types and availability of water are cnitical for development of a vegetative
surface

Peniodic repair and maintenance may be required
The process 1s not usually considered a long term contaitnment process and
Monitoring and a leak detection system may be required
A322 Asphalt Based Cover
An asphalt based cover involves placing an asphalt layer over a crushed stone bedding
layer directly on the site surface Before the pavement 1s placed the site surface must be
compacted and graded to prevent differential settlement Pavement 1s subject to cracking
through weathenng processes and has not frequently been used for long term containment of
hazardous wastes
The following factors may limit the applicability and effectiveness of the process

The technology only contains the contaminants 1n a specific area

Pavement 1s susceptible to damage by weather (e g sun and the freeze/thaw
cycle) plants and amimals

Design life may be nappropnate for the contaminants of concern
Periodic repair and maintenance may be required
The process 1s not usually considered a long term containment process and
Monitoring and a leak detection system may be required
A323 Compacted Clay Cover
Compacted clay 1s frequently used 1n single or multiple layers 1n the final cover system
of both hazardous and municipal waste landfills These cover systems may also be used to
contain contaminated soils Bentonite a natural clay with high swelling properties 1s often

transported to a site and mixed with onsite soil to produce a low permeability cover matenal
Onsite soils can sometimes be compacted to achieve the required permeability of 1 x 107 cm/sec
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or less Vegetation 1s typically the final surface of a cover system Proper vegetation reduces
the damaging effects from erosion due to wind and surface water runoff

The following factors may limit the apphcability and effectiveness of the process
The technology only contains the contaminants 1n a specific area
The uniformity of compacted soil walls 1s difficult to control
The cover may require large volumes of construction matenal
Weathening (cracking) of the clay cover may require extensive maintenance and
Monitoring and a leak detection system may be required
A324 Muiti Layer Cover
Clay compacted soil or synthetic membranes are frequently used in single or multiple
layers 1n the final cover system of both hazardous and municipal waste landfills These cover
systems may also be used to contain contaminated soils Bentonmite a natural clay with high
swelling properties 1s often transported to a site and mixed with onsite soil to produce a low
permeability cover matenial Onsite soils can be compacted to achieve the required permeabihity
of 1 x 107 cm/sec or less The most common synthetic membrane matenals are polyvinyl
chlonde polyethylene butyl rubber Hypalon® and neoprene
An example of a multi layer cover consists of the following (1) a gas-collection layer
(2) a composite hydraulic barner layer combining a compacted-clay and a flexible membrane
liner (3) a biotic barner and drainage layer (4) a topsoil layer and (§) a permanent vegetative
cover
The following factors may limit the applicability and effectiveness of the process
The technology only contains the contaminants in a specific area
The uniformity of compacted soil walls 1s difficult to control

Synthetic membrane matenals can be easily damaged by weather human activity
and ammals

Synthetic membrane matenials can degrade over time and may need to be
maintained or replaced and

Monitoring and a leak detechion system may be required
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A4 IN SITU TREATMENT

In situ treatment of contaminated soils and sediments 1s conducted without removal of
contaminated matenial In siu treatment technologies are generally not as well developed or
tested as direct treatment equivalents and are highly dependent on site conditions In situ
technologies may also involve the delivery of solutions or reagents to the zone of contamination
as well as the control of the spread of contaminants and treatment reagents beyond the
subsurface treatment zone Applicability of in situ methods must generally be established on a
site specific basis by pilot scale treatability studies In siu treatments include biological
chemical/physical and thermal treatments

Ad1 Biological Treatment

Bioremediation uses naturally occurring micro-orgamisms such as bactenia fungi or
yeast to degrade harmful chemicals into less toxic or nontoxic compounds Micro-organisms
like all hiving organisms need nutrients (such as nitrogen phosphate and trace metals) carbon
and energy to survive Micro-organisms break down a wide vanety of orgamic (carbon
containing) compounds found in nature to obtain energy for their growth Many species of soil
bacteria for example use petroleum hydrocarbons as a food and energy transforming them into
harmless substances consisting mainly of carbon dioxide water and fatty acids Bioremediation
harnesses this natural process by promoting the growth of micro-organisms that can degrade
contaminants and convert them to less toxic or nontoxic byproducts The major in situ
biological treatment technologies include biodegradation bioventing bio-uptake and land
farming/agrnicultural practices

Adl1 Enhanced Bioremediation

The activity of naturally occurring microbes 1s stimulated by circulating water based
solutions through contaminated soils to enhance n situ biological degradation of organic
contaminants Nutrients oxygen or other amendments may be used to enhance bioremediation
and contaminant desorption from subsurface materials Generally the process includes above
ground treatment and conditioning of the infiltration water with nutnients and an oxygen (or other
electron acceptor) source Bioremediation has been successfully applied at hazardous waste
sites

The following factors may limit the applicability and effectiveness of the process
Extensive treatability studies and site charactenization may be necessary
The circulation of water based solutions through the soill may increase

contaminant mobility and necessitate use of an aboveground system for treating
water prior to re-injection or disposal
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The 1njection of micro-organisms 1nto the subsurface 1s not recommended and
naturally occurring organisms are generally adapted to the contaminants present

Preferential flow paths may severely decrease contact between injected fluids and
contaminants throughout the contaminated zones

The system should be used only where groundwater 1s near the surface and where
the groundwater underlying the contaminated soils 1s contaminated

The system should not be used for clay highly layered or heterogeneous
subsurface environments due to oxygen (or other electron acceptor) transfer
limitatons and

Bioremediation may not be applicable at sites where there are high concentrations
of heavy metals highly chlonnated organics or inorganmic salts

Target contaminants for in situ bioremediation are non halogenated volatle and
semivolatile organics and petroleum hydrocarbons Halogenated volatile and semivolatile
organics and pesticides also can be treated but the process may be less effective and may only
be applicable to some of these compounds

The overall cost of in situ bioremediation should be 1n the range of $100-$300/ton

In suu bioremediation 1s considered operations and maintenance (O&M) intensive
Various quantities of nutnients or other amendments must be obtained and circulated through
contaminated soils and their concentrations and effects on contaminant degradation rates must
be monitored

In situ bioremediation has been demonstrated to treat low levels of organic contaminants
and 1s especially attractive at sites where soil excavation 1s difficult or expensive or where soil
remediation can be tied into groundwater treatment The most common type of in situ
bioremediation treatment involves aerobic degradation of contaminants adsorbed onto soils within
the saturated zone of a site The process involves the addition of small amounts of nutnents
(ammonia and phosphate) and large quantities of an oxygen source (e g , hydrogen peroxide)
Thas 1s accomphished by injecting nutnient-enniched solutions into the contaminated zone through
a series of wells or trenches and recovering the downgradient groundwater

For the process to be effective the injection/recovery system must provide for the
transport of nutnients throughout the entire contaminated zone If possible this should follow
the contaminant pathway This 1s particularly difficult in the vadose zone or at sites with
complex underlying geology or low permeability soils Methane-oxidizing processes may be
effective 1n enhancing degradation of volatile halogenated compounds
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Anaerobic bioremediation has not been demonstrated for in situ applications because of
the difficulty in maintaimng an oxygen free environment and because of the temperature
sensitivity of the microbes Research 1s currently being conducted to investigate the feasibility
of anaerobic bioremediation for deep soils or aquifers

Ad42 Chemical/Physical Treatments

Physical treatment 1s a process 1n which the hazardous waste 1s separated from its carner
by various physical methods including adsorption distillation and filtraion Physical treatment
1s applicable to a wide varniety of wastes but further treatment 1s usually required For this
reason physical treatment 1s often discussed along with chemical treatment

Chemical treatment 1s a process in which the hazardous waste 1s altered by a chemical
reaction to destroy the hazardous component Wastes that can be treated by this method include
both organic and inorganic compounds Drawbacks to this method include the inhibition of the
treatment process reaction by impunties in the waste and the potential generation of hazardous

byproducts

The major in suu physical/chemical technologies include pneumatic fracturing soil
flushing hydrolysis chemical oxidation and soil vapor extraction

A421 Pneumatic Fracturing

Pneumatic fracturing 1s normally combined with other in situ processes such as soil
flushing or vapor extraction to improve contaminant removal Pressurized air 1s injected beneath
the surface to develop cracks in low permeability and over-consolidated sediments These new
passageways increase the effectiveness of many in situ processes and enhance extraction
efficiencies

The following factors may limit the applicability and effectiveness of the process
The technology should not be used 1n areas of high seismic activity

Investigation of possible underground utiities structures or trapped free product
1s required and

The potential exists to open new pathways for the unwanted mugration of
contaminants (¢ g dense non aqueous phase hiquids)

Pneumatic fracturing 1s applicable to the complete range of contaminant groups with no
particular target group The technology 1s used prnimanly to fracture clays and bedrock but has
applications 1n aerating sandy formations Normal operation employs a two-person crew who
make 25 to 40 fractures per day with a fracture radius of 15 to 20 feet (4 6-6 1 meters) to a
depth of 50-100 feet (15 2 30 5 meters)
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The normal cost range for pneumatic fracturing 1s $5 $10/ton ($5 50-$11 00/metric ton)
Pneumatic fractuning 1s not considered capital or O&M intensive

Ad422 Soil Gas Venting

If organic hazardous or nonhazardous waste 1s deposited 1n a pit trench or landfill
landfill gas (LFG) production can be expected Landfill gas 1s produced by anaerobic
decomposition of organic material and consists primarily of methane and carbon dioxide but
could also contain small concentrations of other volatile organic gases such as vinyl chlonde
LFG can be flammable and sometimes explosive Landfill gas can move vertically and laterally
through soils under a pressure gradient or a concentration gradient via diffusion

Landfill gas from hazardous waste sites 1s currently either vented into the atmosphere or
collected and flared or incinerated Atmospheric vent systems usually consist of a series of
horizontal perforated collection pipes located on top of the landfilled matenal and under the
final cover the LFG 1s vented to the atmosphere via vertical riser pipes Alternatively the LFG
can be collected via an extraction blower and flared or incinerated if 1t 1s too toxic or
odornferous for direct ventilation

A423 Soil Vapor Extraction

Soul vapor extraction (SVE) applhies a vacuum through extraction wells to create a
pressure gradient that induces volatile compounds to diffuse through the soil to extraction wells
The basic components of an in suu vacuum extraction system include production wells
monitoring wells and high vacuum pumps The vacuum pumps are connected via a piping
system to a series of production wells dnlled through the contaminated soil zone Spacing of
the production wells 1s determined by mathematical models or pilot teshng Monitoring wells
are dnlled around the production wells to monitor the interstitial air pressure Placing air
injection wells between the production wells or placing an impermeable cover over the surface
of the zone being treated may improve air flow through the soil These approaches prevent the
air 1n the vicimity of the production wells from short-circuiting by constraining the air to flow
laterally through the soil The process includes a system for handling off gases The system
for handling the off gases usually includes a iquid/vapor separator and 1s treated by an activated
carbon bed catalytic converter or afterburner This process also 1s known as in suu soil
venting in situ volatihzation enhanced volatilization and soil vacuum extraction

The following factors may limit the applicability and effectiveness of the process
High humic content of soil inhibits contaminant volatihzation
Heterogeneous so1l conditions may result in inconsistent removal rates and

Low soil permeability limits subsurface air flow rates and reduces process
efficiency
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Halogenated and non halogenated volatile organic compounds and petroleum
hydrocarbons are the target contaminant groups for in situ SVE (Stinson 1989) The technology
1s applicable only to volatile compounds with a Henry s Law constant greater than 0 01 or a
vapor pressure greater than O 5 umts In situ SVE generally apphies only to the vadose zone
Treatment of the saturated zone 1s only possible by artificially lowering the water table Since
SVE 1s an in situ remedy and all contaminants are under vacuum until treatment the possibility
of contaminant release 1s reduced

Data indicate that the overall cost for in sizu SVE 1s typically under $50/ton excluding
treatment of off gases and collected groundwater SVE 1s considered O&M 1ntensive

In sutu SVE may be enhanced by the injection of heat using thermal technologies Since
higher temperatures cause enhanced volatihzation and the configuration of the systems requires
a thermal component details of thermally enhanced SVE are presented 1n Section A 4 4 3 under
Thermal Treatments

Ad424 Electrokinetics

Electrokinetic soil processing 1s an in situ  continuous process for the removal of ionic
or charged species from soils including heavy metals radionuchides and selected orgamc
pollutants  Electrokinetics 1s the process of passing a low intensity direct current through
contaminated so1l The double-layer theory plays an important role when electric potential 1s
applied to the soils For soil particles the double layer consists of a fixed layer of negative 1ons
that are firmly held to the solid phase and a diffuse layer of cations and anions that are more
loosely held Applying an electric potential to soil promotes migration of the loosely held 1ons
to their respective electrodes dragging water molecules along with them as they move toward
the electrodes The electnc field 1s expected to increase the leaching rate of heavy metals
which can be precipitated from solution by establishing appropnate pH and osmotic gradients
To date electrokinetics has not been demonstrated beyond the bench scale for remediation of
contaminated soil The energy requirements are quite high during implementation of the
process

Ad425 Electroacoustic Soil Decontamination

In situ electroacoustic soil decontamination 1s an emerging technology used for
decontamination of soils containing hazardous organics by applying electrical (direct current) and
acoustic field The direct current facilitates the transport of hiquids through soils The process
consists of electrodes (an anode and a cathode) and an acoustic source Applying an electric
potential displaces 10ns loosely held on soil particles and the cations drag water along with them
as they move toward the cathode Although the phenomenon 1s not fully understood an acoustic
field can enhance the dewatering or leaching of wastes such as sludges when properly applied
in conjunction with an electric field and water flow One other possible application of the
acoustic field 1s unclogging recovery wells The technology 1s most applicable for fine grained
clay soils [Early results indicate that electroacoustic soil decontamination 1s technically feasible
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for removal of mnorganic species such as zinc and cadmwum from clay soils and only
marginally effective for hydrocarbon removal (SITE Technology Profile undated)

Ad43 Solidification/Stabilization

Contaminants are physically bound or enclosed within a stabilized mass (solidification)
and/or chemical reactions are induced between the stabilizing agent and contaminants to reduce
their mobility

The following factors may himit the applicability and effectiveness of the process

Depth of contaminants

Environmental conditions which affect the ability to maintain immobihization of
contaminants

A significant increase in volume (up to double the onginal volume) with some
processes and

Incompatibility of certain wastes with this process treatability studies may be
required

The target contaminant group for in situ sohidification/stabilization 1s mnorganics The
technology s effectiveness against halogenated and non halogenated semuvolatile organic
compounds and pesticides 1s currently hmited however systems designed to be more effective
In treating organics are being developed and tested In situ sohidification/stabilization 1s
relatively simple uses readily available equipment and has high throughput rates compared to
other technologies

Overall cost of in suu sohdification/stabilization should be less than $100/ton In suu
solidification/stabilization 1s considered to be capital intensive

In situ sohdification/stabilization technologies include pozzolanic based solidification
cement based solidification and proprietary agent sohdification

A431 Stabilization

Stabilization refers to a process by which a waste 1s converted to a more chemucally
stable form The term may include solidification and the use of a chemical reaction to transform
the toxic component to a new nontoxic compound or substance Biological processes however

are not considered Stabilization or solidification 1s often accomphished using propnetary agents
to react with or bind wastes under ex situ conditions
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Most proprietary processes are protected from unauthonzed use by patent or copynight
laws Several propretary agent processes are very ssmilar and therefore extensive bench scale
testing 1s advisable Acceptable results from testing of more than one process can achieve cost
savings through competitive pricing

Stabilization uses a vanety of chemical agents to react with soi1l contaminants to produce
a less mobile or less toxic compound A number of proprietary solidification agents have been
used for in situ sohidification/stabilization at hazardous waste sites This process 1s similar to
pozzolanic based solidification/stabilization using conventional earth moving equipment or
modified dnlling techniques for mixing Several proprietary agent binders are available to assist
in binding organics however the process works best for inorganics and metals Some agents
used in this process may cause a significant volume increase 1n treated soil
A432 Slurry Injection

Slurry injection 1ncludes the injection of a slurry mixture containing chemical reagents
into the so1ll where 1t hardens and immobilizes any contaminants Slurry injection is an
innovative technology and 1its long term effectiveness 1s unknown

The following factors may hhmit the apphicability and effectiveness of the process

Contaminants immobilized but not removed

Freeze/thaw degradation

Rocks larger than 10 inches

Soil volume increases of up to 8 5 percent and

Access would be required for a dnll ng and mixing equipment
A433 Solidification

So1l mixing techniques and pozzalonic agents are used to produce a sohidified soi1l mass
The required equipment and maternials are readily available and the process 1s considered to be
a proven establhished full scale technology

The following factors may limit the apphicability and effectiveness of the process

Reduces mobility and results 1n an increase in soil volume
High organic concentrations may impede setting and binding

Heterogeneous and high moisture soil may be more difficuit to treat
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Pilot testing may be needed to specify design requirements and

Maintenance of the sohidified mass monitoring and periodic sampling may be
required

Ad434 Cementation

Cement based and pozzolanic based solidification/stabilization has been used for in situ
applications at several hazardous waste sites This technology requires a method to mix the
solidification/stabilization cementitious agents with the soil 1n place Conventional earth moving
equipment can be used for mixing at shallow depths but greater depths require a more
sophisticated mixing method such as that presented for slurry injection solidification

A435 Encapsulation

Encapsulation 1s a process involving the complete coating or enclosure of waste particles
individually (microencapsulation) or as an agglomerated mass (macroencapsulation) The
process 1s typically performed on excavated and/or already treated or drummed wastes
However this process may be applied under in situ conditions using existing injection grouting
technology or existing soil mixing technology for shallow soils No reference to the successful
use of the in situ process was found 1n the lhiterature however 1t has been cited as having
significant applicability and promise by Freeman (1989)

Ad436 Vitrification

In situ vitnfication 1s the process of decomposing organic contaminants and melting
wastes soils or sludges in place to bind the waste into a glassy solid matnix that 1s very
resistant to leaching This 1s accomplished by electrnically melting soil at temperatures between
2900 and 3600 degrees Fahrenheit Organic vapors and airborne particulates from the organic
contaminants and some norganic contaminants are collected at the surface under a hood and
drawn 1nto an off gas treatment system Electnicity 1s typically supphied by a utility distribution
system transmutting 12 500 or 13 800 volts The resulting product 1s a monolithic mass with a
microcrystalline structure similar to that of naturally occurring obsidian  Vitnfication 1s
currently 1n pilot scale development with some applications at hazardous waste sites

The following factors may limit the applicability and effectiveness of the process
The process requires homogeneity of the media

In situ vitnfication 1s only effective to a maximum depth of approximately 30
feet

Organic and 1norganic off gases must be controlled
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In suitu vitnification 1s himited to operations 1n the vadose zone
Soil moisture may increase the process costs

Bunied metals 1n excess of 5 percent of the melt weight or continuous metal that
occupies 90 percent of the distance between two electrodes will hinder
performance and

There may be insufficient silica 1n the treatment volume to form the desired
residual matenal

While in situ vitnification 1s used primarnily to encapsulate non volatile inorganic elements
temperatures of approximately 3000 F (1600 C) destroy organic contaminants by pyrolysis In
situ vitnfication will result 1n a volume reduction of 20-40 percent depending on the matenal
voiud volume A vacuum hood placed over the treated area collects off gases which are treated
before release The entire process may be conducted 1n a vacuum greatly reducing the
possibility of contaminant release Controlling the off gases and the high voltage used in the in
situ vitrification process presents some health and safety nsks

The cost of in situ wvitnfication has been estimated to be approximately $790/ton
($870/metnic ton) In sutu vitnfication 1s a relatively complex technology requining highly skilled
and trained operators It 1s considered to be both capital and O&M intensive

Ad4 Thermal Treatment

Thermal treatment involves the application of thermal energy to contaminated soils or
hazardous waste by various means Thermal energy can be used to combust or burn
contaminants volatilize contaminants or trap contaminants within a vitnfied mass Depending
on the application temperatures of the treated material can be raised shightly or dramatically
When subjected to elevated temperatures organic wastes can decompose to less toxic forms or
can volatilize and be captured Complete combustion yields carbon dioxide and water plus small
amounts of carbon monoxide nitrous oxides and chlonne and bromine acid gases Some
thermal processes produce off gases and ash that require further treatment or landfill disposal
Thermal treatment 1s most suitable for organic wastes and 1s less effective when attempting to
detoxify heavy metals and inorganic compounds Thermal treatments may be applied to enhance
chemical/physical treatments such as SVE One drawback of thermal treatment 1s the high cost
involved
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Ad443 Thermally Enhanced Soil Vapor Extraction

Thermally enhanced SVE uses steam/hot air 1njection or electric/radio frequency heating
to increase the mobility of volatiles to facilitate extraction The process includes a system for
handling off gases Thermally enhanced SVE has been applied to contaminated soils at
hazardous waste sites and 1s designed to treat halogenated and non halogenated semivolatile
organic compounds Thermally enhanced SVE technologies are also effective in treating some
pesticides depending on the temperatures achieved by the system The technology may also be
used to treat some halogenated and non halogenated volatile organic compounds and petroleum
hydrocarbons but effectiveness may be limited

The following factors may limit the applicability and effectiveness of the process
Debris or other large objects buried 1n the media can cause operating difficulties
Use of the technology 1s limited to a slope of S or less

Performance varies depending upon the process selected because of the maximum
temperature achieved and

The soil structure at the site may be modified depending upon the process
selected

The thermally enhanced SVE processes used by each vendor are notably different and
should be investigated individually for more detailed information Heating mechanisms
employed by vendors may include but are not hmited to radio frequency heating (Section
A 4 4 2) and 6-phase heating A 6-phase heating demonstration project 1s underway at RFETS
results will be available under separate cover Since thermally enhanced SVE 1s an in sutu
remedy and all contaminants are under a vacuum during operation the possibility of contaminant
release 1s mimimal

Available data indicate that the overall cost for treatment using thermally enhanced SVE
systems 1s approximately $50-$75/ton ($55 $82/metnicton) excluding treatment of off gases and
groundwater Thermally enhanced SVE 1s considered to be both capital and O&M intensive

AS REMOVAL

Contaminated material may be removed and transported to treatment and/or disposal
facilites  Excavation 1s one type of removal technology and 1is applicable to all the
contaminants Removal actions are performed on contaminated soils so they can be treated
aboveground or disposed of Long term exposure pathways associated with the contaminated
soils are therefore mimmized or ehminated Excavation may create short term risks associated
with fugitive dust direct exposure to contaminated soils and physical hazards related to
excavation equipment
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The following factors may himit the applicability and effectiveness of the removal
technologies

Generation of fugitive emissions may be a problem duning removal operations

The distance between the contaminated site and the nearest treatment/disposal
facility may be too great

Community acceptability may be difficult
Depth and composition of the media requiring excavation must be considered
Applicable Land Disposal Restrictions must be considered
Quantity of contaminated soil may be impractical
Charactenistics of contaminated soil may be imiting and
Site-specific conditions (1 ¢ topography location geology) may be himiting
AS1 Excavation
Excavation includes all excavation techniques used in removing wastes or contaminated
matenial Conventional techniques and equipment are used for most hazardous waste remediation
with modifications to procedures or equipment to ensure the health and safety of equipment
operators the public and the environment When removal of wastes requires drastic
modification to conventional equipment or procedures technmiques are used These processes
include robotic technologies excavation within emussion control enclosures excavation using
foam suppressants and other techniques to handle special situations posed by highly toxic
corrosive explosive oOr sensitive wastes
The following factors may himit the applicability and effectiveness of the process

Groundwater table elevation may cause problems with excavation

The costs associated with excavating sites containing radioactive reactive or
highly toxic waste material may be prohibitive

The 